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EXECUTIVE SUMMARY

Earth-sheltered housing, which has become popular in recent years
for energy conservation, offers the potential for production of a great
deal of fallout shelter space. The phrpose of this study is to explore
some of the technical and institutional issues which must be addressed
if this potential is to be realized.

During a prosperous year the housing industry may construct as many
as two million conventional units. It is interesting to note that if

~all of these were earth-sheltered structures of average size, this could

produce enough fallout shelter space for the entire population of the
United States. Even if only a swall fraction of the units built each

year were earth-sheltered, a significant addition to the nation's

inventory of fallout protection could be realized in a few years.

Earth-covered residences give fallout protection greatly superior to
the basements of frame dwellings. With careful atteﬁtion to design and
making relatively inexpensive modifications, earth-sheltered residences
also can provide very high-grade fallout protection over much of their
floor area. With thé same design modifications, they provide very high
protection from a wide variety of natural disasters.

For some additional expense, an earth-sheltered residence can be
modified at no loss of floor area o function to be upgradable in a few
days to resist one to two atmospheres of blast overpressure. Carrying
out this operation in a crisis involves the movement of many tons of
earth, Either excavation equipment or a large labor force would be
required. ' ‘

Many examples of attractive earth-sheltered residences exist, It
has been amply demonstrated that they can be designed and constructed to
have quite pleasing interior environments and exterior appearance.
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The largest problem preventing widespread adoption of earth-
sheltered housing is that construction costs are 20-40% more than
comparable aboveground conventional frame housing. This cost can be
partially offset by the energy savings inherent in good earth-sheltered
housing design. Properly designed, such homes can save 20-60% of the
energy used even by well-designed frame houses. The energy costs make
the life-cycle cost of earth-sheltered residences more nearly
competitive with conventional frame construction. The life-cycle cost
of a home is forcefully apparent to the owner in his combined monthly
mortgage payment and ulility bills.

Housing developments of earth-sheltered, single-family residences
offer the potential of reduced lct sizes and, hence, reduced land costs
over what would otherwise be reguired for aboveground construction. In
high-cost suburban areas the saving in land may amount to a significant
fraction of the total cost of the home.

Recent very high mortgage rates (14-16%) nave ampiified the effect
of the cosct disadvantage of earth-sheltered housing on the relative
monthly costs. A decline of mortgage rates to more traditional levels
would ameliorate this disadvantage.

Modern technologies of concrete construction, particularly the use
of reusablie, modular, metal, concrete forms and portable scaffolding,
can further erode the cost disadvantage of earth-sheltered structures.
The material cost of a concrete structure is not markedly different from
that of a frame structure. Much of the extra cost of concrete
construction is the labor and materials in the single-use, custom wood
forming, which is comparable to the labor and materials required for the
whole house of frame construction,

As part of the study, an example of a hazard-resistant design of an
earth-sheltered residence was developed. The ‘design is a 137.5-m2
(1480—ft2), solar-heated, elevational type which in its peacetime
configuration provides complete protection against tornadoes, forest
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fires, power outages in <cold weather, and radiological ground
contamination. After upgrading in a day or twe during a severe
international crisis, the example design will protect the occupants
against one atmosphere blast overpressure. '

In order to realize the maximum shelter potential from this type of
construction, the institutional factors affecting 1its wide-spread
adoption must be addressed. The identification of institutional
considerations and policy options is based on a review of the literature
on the diffusion of innovation, policy implementation, earth-sheitering
and impact assessment. It has further depended on an identification and

evaluation of institutional issues ana barriers viewed by a pane’ of

experts as most important to the adoption and use of earth-sheltered
structures. A summary of these issues and those policy options
appearing to offer the most promise for the rapid diffusion of
earth-sheltered structures, and a brief outline of a potehtial
implementation analysis is offered. .

The most important institutional issues associated with hazard-
mitigating earth-shelters fall into two categories: issues related to
the desire to use theée structures and issues related to the ability to
purchase them. In the first category, the issues of Ilivability,
aesthetics, and soundness of investment are most crdcia]; in the secohd,
the critical issue js the availability of mortgage money at attractive
rates.‘ Moderately important issues are much more numerous, and include
the issues of conformity to a socially accepted image, innovation in the
construction industry, financing of construction loans, access tc (and
egress from) the structure, and societal impacts arising from policy
initiatives taken to stimulate earth-sheltering.

The most important institutional issues associated with crisis-
upgradeable earth-sheltered structures, in addition to tiiose identified
above, relate to the desire to use, the ability to upgrade, and the
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issue of emergency use for evacuees. Vital issues related to the desire
to use this type of structure concern safety and the perceived threat of
ruclear war. The issué related to upgrading is the availability of
specialized equipment (or large numbers of workers). The issue of
emergency use for evacuees concerns legal and social problems. Two
moderately important issues relate to the community-wide effects of
using crisis-upgradabie structures, ‘

A total of nine issues associated with the development of
earth-sheltered, neighusornoods or communities are identified as most
important. Under issues related to the desire to use earth-sheltered
structures, neighborhood esthetics 1is extremely significant, The
availability of mortgage money and the ability of earth-sheltered
neighborhoods and communities to reduce cousts are both‘critical issues
related to the purchase of earth shelter . The most important i{ssues
related to construction are the financing of construction loans and the
difficulty in building an entire neighborhood or community as planned.
Finally, vital issues related to the community-wide effects of the
adcption of ~arth-sheltered structures are the issues of housing
density, urban form neighborhood concept 4nd changes in the image of
the city. Moderately important issues are those on land use regulations
and the limited experience of planners and reguiators, both related to
the construction of earth-sheltered buildings.

A number of specific policy options have been identified as offering
the most promise for addressing the grals of adopting an earth-sheltered
program. This selection was based on an evaluation by & panel of
experts and on the option's ability to score favorably on a number of
evaluation criteria,

Ecducation and financial incentives appear to be the most promising
policy options for each of the component goals. Educational programs
may need to be targeted to potential! adopters (i.e., home buyers) and to

critical elements of the infrastructure (e.g., the financial community,
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builders and developers, appraisers, and rcoal estate firms), The
substance of the education programs include verification of the
livability and aesthetics of hazard-mitigating, earth-sheltered
structures and information regarding financial considerations, including
the existing availability of loan money and resale opportunities. Such
a program might include the development, validation and dissemination of
housing plans, the dissemination of financial {information, and actual
demonstrations of such facilities for those potential adopters requiring
personal experience with .earth-sheltered structures, Informat ion
regarding the hazard-or crisis-mitigating features of earth-sheltered
housing is not considered to be an important element of such a program;
in fact, it might be counter-productive.

Among the financial inventives considered (tax credits or,
deductions) low-interest, assumable loans; and construction loans) are
the most viable options. Among these, construction loans might be
favored becaise of ease of administration. It will be necessary to
assire that, whatever financial incgntivef are selected, these policies
do not inequitably impact different population segments, This s
particularly the case when the program deals with the provision of
prutection from potential natural or man-made hazards or crises.

For crisis-upgradable structures it may also be fimportant to assist
in the provision of resources for upgrading (e.g., materials, equipment,
labor) and supplies (e.g., food, water, and medical supplies) for ihe
use of such structures in the event of crisis (e.g., food, water, and
medical supplies). While local governments might assume the lead
responsibility for planning for an implementing the provision of such
resources, the federal and state governments might assist through bulk
procurement policies.

Finally, in addition to education and financial incentives for the
development of earth-sheltered neighborhoods and communities, it may be
useful for local governments to revise existing land use regulations to
allow greater housing density for such applications. This would allow
reduction in unit cost and enhance the 2bility to develop integrated

community or neighborhood housing plans,
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CONVERSION FACTORS FOR SI UNITS

English units have been retained in the body of this report. The
report is directed principally to the construction industry, and refers
to commercially available materials and sizes commonly expressed in
English units. The report quotes extensiveiy from earlier work ex-
pressed entirely in English units. Conversion factors for SI units aré ,
given below: ’

To Convert From: ' Jo: Multiply By:
Foot (ft) Meter (m) ' 0. 3048
Square Foot (ft?) Scuare Meter (m?) ©0.0929
Cubic Feet (ftd) Cubic Meter (m3) 0.0283
inch (in.) Meter {(m) ‘0.0254
Mile (mi) Meter (m) - 1.609
Square Foot (ftz) Meter (m) .0929
Pound-Force/in2 (psi) K1ilopascal (kPa) . 6.894
Atmosphere (14.7 psi) Kilopascal (kPa) 101.4
Gravity (32.2 ft/secz) Meter/sec? 9.8



xxi

HAZARD MITIGATION POTEMTIAL OF
EARTH-SHELTERED RESIDENCES

ABSTRACT

Earth-sheltered residences have become popular in recent years for
their energy conservation and environmental advantages. Those with
earth covered roofs and walis offer great inherent protection against
many natural and man-made hazards including especially tornadoes, power
outages in cold weather, forest fires and radioactive fallout. U. S.
residential construction in a single good year can produce 200 million

of floor space. If only a few percent of this were earth-
sheltered, in a few years a significant addition to the nation's
inventory of fallout protection could be realized. Slight modifications
of the designs can enhance fallout protection at negligible cost and
provide blast protection at moderate cost. Drawings of an example of
such a design are included in the report. )

The principal disincentive for earth-sheltered construction is the

20 to 40% increase in cost per unit area over conventional frame
construction. Methods to reduce this include volume production, smal]er
lots, use of precast units, and reusable forms.

In addition to cost, important institutional issues affecting the
homebuyer's decision to purchase an earth-sheltered residence are the
structure's livability, aesthetics, and soundness of investment and the
availability of suitably-trained and equ’pped contractors and mortgage
money at attractive rates.

The most promising policy options for promoting the adoption of
earth-sheltered structures are education and financial incentives.
Educational measures include verification of the livability and
aesthetics of hazard-resistant, earth-sheltered structures and
information on existing availability of loan money and resale
opportunities. A program to implement these policies might include
validation and dissemination of housing plans and financial information
and demonstration construction.




1. INTRODUCTION
1.1 Program Goals

In recent years, earth-sheltered structures have been the object of
considerable favorable attention, largely because of their energy saving
attributes. Another strength of this type of structure is its ability
to protect the occupants from hazards, both natural and man-made. It is
this combination of attributes, particularly the latter, which has
stimulated the interest of the Federal Emergency Management Agency
(FEMA) in earth-sheltered structures. Specifically, FEMA is interested
in exploring ways to increase the inventory of individual earth-
sheltered structures and entire neighborhoods that will provide ef-
fective protection for occupant while avoiding the need for significant
federal expenditures. .

FEMA's interests in earth-sheltered structures are actually
three-fold. The Agency is interested in exploring ways to accomplish
the following l

1. Encourage private sector adoption of hazard-mitigating earth-
sheltered structures, Such structures are resistant to
peacetime hazards (like tornadoes, earthquakes, or brush fires)
and provide protection against radioactive fallout without
upgrading. Many of the earth-sheltered houses built in recent
years provide similar levels of natural hazard protection and
could have been made to provide protection from radioactive
fallout as well with some small design modifications. ;

2) Encourage private sector adoption of crisis-upgradable
earth-sheltered structures in areas where this level of
protection is considered necessary. A crisis-upgradable
structure is defined as one that is resistant to peacetime
hazards and can be upgraded in roughly one day's time to
withstand an explosion-induced overpressure or one to two

atmospheres,
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3) Encourage private sector development of entire earth-sheltered

neighborhoods or communities.

In order to effectively encourage private sector adoption of
earth-sheltered structures, it will be helpful to review technical
attirbutes of the building type, the institutional issuesl that ma;
inhibit its adoption and use, and those public policy options with th%
potential to remove any significant barriers. These subjects were th?
focus of a study conducted over the last year by staff at Oak Ridgé
National Laboratory (ORNL), and will compose the substance of this
report, The primery emphasis of this study was on the use of
earth-sheltered structures in the residential sector, placed at low té
moderate densities. Where the relevent issuer and options vary with thé-
different goals identified above, this will be noted. |

|
|

1.2 Report Outline

Following this introduction, this report is organized into eighﬁ

major sections. Section Two presents background information in earth--

sheltered housing, including its historical development and the currenﬂ
state-of-the-art. In Section Three, a technical review of earth--
sheltered housing is given, focusing on hazard mitigation potential, the
advantages of earth-shelter, critical design parameters, a cost
comparison with conventional residential structures and various cost re-
duction strategies. Section Four identified hazard-mitigating
techniques that might be incorporated at moderate cost and provides a
samle design. In Section Five, the focus shifts from the technical
aspects of earth-sheltering to a brief discussion of the process of
adoption and diffusion by which a new technology becomes accepted by?

Ilnstitutional issues are broadly defined here as those issues related
to the social institutions and intereactions necessary for adoption
of a technology, as opposed to those technical issues directly
related to the physical characteristics of the techrology itself.:
Examples of institutional issues that are important to the ajoption,
of earth-sheitered structures are the availability of mortgage money:
at attractive rates and the effects of land use regulations.
promulgated by local governments. |
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society. This is followed by a discussion of major institutional issues
assuciated w -1 program goals, and their relative importance to the
adoption process. In Section Seven, a set of criteria for evaluating
policy options is presented, followed by a discussion of the most
promising policy options that can be used to meet program goals.
Section Eight presents some information on the major organizations
]ikel'y to be involved in policy imﬁlementation, and the report ends with
a brief set of conclusions and recommendations.
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2. BACKGROUND OF EARTH-SHELTERED HOUSING

o
vt

2.1 HISTORICAL DEVELOPHENT
The use of underground space for defense purposes dates back to
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prehistoric times and has continued in many forms throughout recorded
history. Many ancient civilizations used buried structures or spaces

ﬁé‘ carved out of solid rock to protect their valuables, including their
25? gods and their temples. In many areas of the world, people have used
R and are using rock caverns and other earth-covered structures as homes
g for the living and the dead. Examples abound, especially around tne
;i3 Mediterranean: Egypt, Greece, Italy, Turkey, Saudi Arabia, and Iran.
gi‘ India and China also have many such structures. There is an underground
33 Roman villa in France and underground Roman Legion barracks in Italy.

Closer home, we have extensive cliff dwellings used by the ancient
Indians in the United States.
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.
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;iq In the early days of ‘this country, settlers wused underground
X structures (cellars) to store their produce or vegetables. As the
!l pioneers moved westward, they encountered sandstorms and tornadoes. The
13 root cellars guickly became storm shelters. Although modern
SE? refrigeration has reduced the number of cellars being used for fncod
:4 storage, many cellars still exist and could be used for shelter in
o ‘emergencies. ,

ﬁa Military development of underground structures following the
52 development ' of the artillery shell has a particUIarly long and

successful history. Therefore it was natural for civil defense planners
to look to underground structures to protect civilians, first from enemy
hombs and then from nuclear weapons.

‘
s

2.2 STATE OF THE ART
The popularity of earth-sheltered construction has been increasing
in the United States. In 1972 only a few earth-sheltered structures
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were reported, while in 1982 Earth Shelter Digest & Energy Report had
approximately 2500 earth-sheltered structures listed in their data bank.

Some observers claim that iless than haif of the existing structures are
in this data bank. Figure 1 indicates that earth-sheltered structures
have been built in almost every state in the United States, and most are
residential structures. The majority of thnese structures are located in
the Midwest where climate conditions are re]étively severe. These areas
are subjected to very cold winters and/or experience frequent
destructive tornadoes. C(Citizens concerned with the abuse of land and
calling for "gentle architecture" gave the earth-sheltered housing
movement additional momertum.

Various materials have been used in the construction of present-day
structures. Concrete is the most widely used material because of its
load-bearing capacity and resistance to decay and corrosion. The
concrete may be poured in place, prefabricated at the factory or on
site, or in the form of concrete blocks. Some less conventional designs
rely entirely on wood for structure as well as finishing. Attempts to
lower the cost have resulted in the use of steel culverts, gunnited
steel forms, and fiberglass tubes.

Only a small percentage of the designs is other than residential.
Construction is mostly in rural areas, though the impact on energy
saving and land preservation would be more significant in metropolitan
(suburban) communities. The designs of these dwelling are tailored to
fit any imaginabte lifestyle from a "$50 and up" wood-log shack covered
by polyethelene for waterproofing to very expensive residences. The
designs are generally one-family residences. Figure 2 depicts the ficor
plan of a typical one-family, earth-sheltered home. Mu]tiple unit
structures have also been built. One example is a 20-unit structure
built 1into the hillside for use as an off-campus dormitory (Eéﬁill
Shelter Digest, 1981). The structure was built with concrete, steel

beams, and precast roof planks set in place. The facade was finished
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with wood, enclosing some greenhouse areas in the south face. A 47-unit
development is underway 1in S.L. Pierre, France. This Architerra’™
underground construction employs precast concrete panels for some side
walls and roof (Sterling et al., 1981). In Minneapolis, Minnesota,
townhouses were built next to a very busy interstate highway. The
12-unit structure faces the road to the north and only the entrances are
visible (Earth Shelter Living, 1983). ' .

The multipurpose, portable, pod-shaped house in fig. 3 (called the

My-My) is being marketed in Japan by Taisei Construction Company as a
shelter from disasters. Originally, it was designed to be used for a
holiday home but Tlater became quite popular due to the decreasing
availability of land for bui]ding in Japan (Taisei Construction
Company).

Regardless of size, these homes all fit the general taxonomy
illustrated in Fig. 4. Earth-sheltered structures are divided into two
basic groups: berm (on the left in Fig. 4) means that the new earth
level has been raised abtove the existing grade to accommodate the new
structure; chamber (on the right in Fig. 4) means that space for the
building was excavated beneath the existing grade. The chamber type is
less intrusive or the landscape. These two groups are divided into four
similar subgroups:

(1) True underground (top two) with spaces isolated from the

outside.

(2) Courtyard or atrium, surrounded by interior space and used for
entry as well as being a light and air source.

(3) Elevational, in which three walls and the roof are covered by
earth and the fourth wall 1is exposed with a multitude of
windows. This style 1is the most popular today since it can
collect solar energy as well as permit a view of the
surroundings.

(4) Side wall peneiration, which allows expansion in the future.
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With increased interest in earth-sheltaring, a number of companies
(Earth  Shelter Corporation; Terra-Dome Corporation; Tri-Steel
Structures) are providing franchise services including: o

(1) Construction training for builders;

(2) Licensing contractors to build the franchiser's designs;

(3) Design and construction services which may include prelim-
inary feasibility studies, cost estimates, site planning,
detailed architectural and structural designs, drawings and

, specifications, and on-site construction supervision;

- (4) Marketing; or,

(5) Mail serve sales of earth-sheltered designs.

Federal, state, and private funds have supported research at
several organizations arcund the country., Structural techniques have
been investigated in. efforts to reduce the cost of earth-sheltered
designs. The rezearch has also focused on earth heat transfer, passive
solar means of space heating, materials (construction materials as well
as waterproofing and insulation), code and zoning laws, cost and social
issues, and data validation and experience in the earth-sheltered
environment, Lead work was performed by the Underground Space Center,
University of Minnesota. The research done by or subcontracted by this
center has lead to numerous books, reports, and articles dealing with
codes, finances, energy analysis, construction practice and lists of
do's and don'ts in earth-sheltered deﬁigns (a1l included in the
8ibliography). The Center for Natural Enerqy Desfign, School of
Architecture, DOivision of Engineering, Oklahoma State University,
Stiliwater, Oklahoma has also been involved in research Jealing with
earth-sheltered buildings. ’

Two major contributions to the earth-sheltered program activity
resulted from work done at ORNL (Shapira & Barnes, 1980; Shapira et al.,
1983) -- the Joint Institute for Heavy lon Research (JIHIR) and a report
Cost and Energy Comparison Study of Above- and Belowground Owellings

were sponsored by the Innovative Struciures Program and the Passive and
Hybrid Heating and Cooling Program in the U.S, Department of Energy.
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To date a vast amount of information and literature exists. A
bibliography is included at the end of this report. Seminars have been
offered by universities and private contractors for some time. Several
conventions have been devoted solely to earth-sheltering (see
Bibliugraphy).
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3. TECHNICAL REVIEW

3.1 HAZARD MITIGATION

Earth-covered construction, as presently practiced, provides a
great deal of protection against many, if not most, natural and
technological disasters. Surrounding the structure and covering its
roof with earth protects it from the dynamic presure of wind of any
velocity, extremes of heat and cold, and i{onizing radiation. A
completely buried structure 1is spared some of the shear stresses
generated by the horizontal shaking of an earthquake.

Earth-covered structures must be stronger than frame construction
to bear the pressure of the surrounding soil, and are usually con-
structed with considerable margins of safety in design strength. The
material of construction is wusually reirforced concrete in the U.S.,
although steel has been used, as well as self-supporting excavations in
soft rock. The greater strength of the structures provides protection
against exterior loads and impacts from explosions or vehicles that
would destroy a conventional structure.

The earth cover and non-combustible structure provide great
protection against external fires whether of natural or human origin.

Earth-covered structures usually have very low air infiltration
rates and can bhe made almost leak-tight. This 1is advantageous in
reducing heat loss in cold weather or designing a filtration system to
exc lude undesirable particulate matter (e.qg., pollen) but requires the
installation of controlled ventilation to control humidity, accumulation
of toxic vapors, and radon.

. Earth-covered structures usually have limited access points (doors
and windows) which makes 1t easy to protect them against forcible
entry.

The feature motivating most earth-covered construction is its very
low ieat loss in cold weather, This coupied with the very large heat
capacity of concrete structures make undergound, concrete homes ideal
candidates for passive solar heating through skylights or a partially
exposed south wall,

15 BLANK
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The degree of protection afforded by earth-sheltered residences
against natural and technological hazards is sunmarized in Table 1.

The heading “Conventional Design® refers to an undefined
‘epresentative of current practice in earth-sheltered residential
construction. The term "Hazard Resistant Design" refers to an
éarth-sheltered design slightly modified as indicated in the subsequent

|

discussion to cope with that hazard. Five levels of protection are
1

identified:

(1) Complete:
No reasonably expected severity of the hazard could be
expected to result in death or injury to the occupants if they
behave prudently. (e.g., stay away from windows).
(2) High:
Death or injury to occupants only from unlixely severity of
hazard and/or improbable failure of structure.
(3) Moderate:
Significant protection compared with frame construction, but
death or injury likely from moderate level of hazard.
{4) Llow:
Some protecfion compared with frame construction afforded at
low levels of hazs J.
| (5) None;
No protection afforded at any level of hazard without radical
redesign.

!
|
|
|
E
|
|
|
|
|
|
\
|
|
|

3:1.1 Natural Hazards

3.1.1.1 Moving Air (Explosion, Tornado, Hurricane Winds, and
? nunderstorms

" Earth-covered walls simply do not experience any dynamic loads from
winds of any origin. The effect of transient overpressure from
explosions on earth-covered, vertical walls is attenuated by the earth.

ey 4+ s — - s v

- e o= o-

N [ A LI

AP . e e e

O =



®

N
L

A A i A4
. Chiched

8 FONATEN

ceeiwimia
* it
A

£ 2

o facn

Sl

- ESS

\~ ,‘..
RIS~ TR

AT

T

.

e e
«
als_a

KA

17

Table 1. Hazard Protection Afforded by
Earth-sheltered Residences

Type Hazard Protection Afforded by
Conventioral Hazard-Rasistant

I T R T T R Natural Hazards - - - - - - - -
Tornado High : Complete
Hurricane Wind Complete Complete
Thunderstorm Gust Complete Complete
Hail Complete Complete
Lightning Complete Complete
River Flood None None
Hurricane Tide © . None None
Dam Failure Low Low
Tsunami Low Low
Avalanche Moderate . High
Landslide Low Low
Mudslide Low Low
Earthquake ‘ Moderate High
Volcanic Ash Fall Low Low
Volcanic Lava Flow Low Low
Forest or Brush Fire High Complete
- - - - - - - - - -Technological Hazards - - - - - =
Aircraft Accident Moderate High
Liquid Fuel Spill and Fire Low Moderate
House Fire Moderate High

Loss of Power in Cold Weath er
ice storm, blizzard, :
blackout, 0il embargo

coal strike High Complete

Toxic Vapor Low Low

Toxic Aerosol Low High w/abs
filter

Reactor Accident

Radioactive Aerosol Low High w/abs
filter

Ground Contamination High Complete

Nuclear Weapon Fallout Moderate High

Blast Low © Moderate
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The negative pressure developed in a'tornado is resisted by the weight
of earth on the roof and by ties between the roof and the walls.
(Negative pressure is responsible for much of the damage to conventional
buildings from tornadoes.)

Hurricane winds and thunderstorm gusts seldom exceed 120 mph and
are much less of a hazard than the 300-mph winds believed to occur in
severe tornadoes.

Elevational earth-sheltered structures with ar expcsed exterior
wall are more vulnerable to winds, and particularly wind-driven
missiles, than are completely buried or atrium structures. However, the
only damage likely is to glass. The strength of the concrete wall
required to support the roof and the prestressing of that wall by the
weight of the roof and soil cover make any structural damage from wind
highly unlikely. The danger from glass makes it advisable for occupants
to move to interior rooms during violent winds that come from the
direction where windows are located.

Storm shutters for the exposed windows could be installed if an
owner wants complete protection from storm winds.

Earth-covered structures provide <complete protection against
’ightning,

3.1.1.2 Moving Water (Flood, Hurricane Tide, Dam Failure and
Tsunami )

Rising water is one hazard against which earth cover affords
little protection. In fact, the incentive to get the floor elevation as
Jow as possible to reduce earth moving costs aggravates the flooding
hazard in coastal and other areas subject to flooding. Earth-sheltered
structures should not be built in such areas. Completely belowgrade
residences should not be built on extensive flat terrain subject to
heavy rainstorms. A foot of standing water which is an inconvenience in
abovegrade construction 1is a ratastrophe in belowgrade construction

without very careful and expensive designing to cope with it.
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No residence of any kind should be built on a river flood plain.
On flat terrain, berm-type earth-sheltered construction should be used,
with the floor higher than the surrounding grade. Earth-sheltered
structures should be built only on ground higher than the level of
likely flooding.

The strength of the earth-sheltered structure can provide more

resistance, relative to conventional structures, to being washed away by
a transient water flow such as from a dam failure or tsunami.

3.1.1.3  Moving Earth (Avalanche, Landslide, Mudslide, Eafthquake,
or Yolcano) '
Earth-sheltered construction of propef design can provide great
protection against rock avalanches and complete orotection against 'snow
avalanches. Proper design includes: no openings facing upslope,

adequate strength of closures of roof penetrations, and provision of

access areas for the reestablishment of ventilation and escape tunnels.

Earth-sheltered construction, by virtue of its strength and
anchoring in the soil, provides more protection against landslide and
muds’ide than conventional ' construction. However, it 1is far from
absolute protection. The structure is less Iiké]y to collapse from
smaller slides, or near the edge of a slide than is a frame dwelling.
However, at the center of a big slide the forces deveioped can greatly
exceed the strength of the structure.

Built to existing seismic codes, earth-sheltered structures can
provide almost complete protection against earthquakes, provided they
are not engulfed in a large quake-caused slide. It should be noted
that, if seismic construction is decided upon, attention should be given
to potential internal hazards generated by the quake. Care must be
taken to assure that bookcases and cabinets are properly anchored,

.lighting fixtures are protected, and interior partitions are of proper

construction.

A
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Volcanoes, in addition to causing landslides and mudslides, can
21so cause mud flows, ash falls (meters deep sometimes), lava flows, and
toxic vapor clouds. Very marginal protection is provided against these
effects by earth-sheltered construction. On warning of impending
eruption within 10 miles, especially upwind, prudence would dictate
temporary evacuation.

3.1.1.4 Forest and Brush Fire

The earth cover and non-combustible structure provides complete
protection against most natural fires. Temporary difficulties could be
experienced with smoke in structures high on a steep hill abuve a large
fire, if the wind has just the wrong direction and velocity. In
general, most forest and brush fires could sweep right over properly
designed earth structures without any danger to the occupants. When
designing for an area subject to natural fire hazards, some common sense
must be used to avoid exposed combustible insulation, ventilatory
acrylic s«ylights, and wood trim and doors. Landscaping and planting in
these areas should be designed with fire in mind, to avoid large
accumulations of vegetation next to windows, doors, skylights, and
ventilation intakes.

3.1.2 Technological Hazards

3.1.2.1 Aircraft Accident

The hazard on the ground from aircraft accidents is from the impact
of debris and fire from the fuel. By far, the major hazard 1is from
fire. If the aircraft doesn't impact directly on the earth-sheltered
residence, the fire from the crash shoulu pose little hazard to the
structure. Canventional earth-sheltered construction offers more
resistance to impact than frame construction, but not enough to guaran-
tee safety. High-strength construction designed for earthquake
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resistance or blast protection will protect against everything except
impact by very heavy debris (large jet engines, for example) or debris
moving horizontally against exposed windows in eievational designs.

2.1.2.2 Liquid Fuel Spill

Earth-covered construction is greatly superior to conventional
constructioh, but not absolute in its protection against large fires
from transportation accidents. In particular, those resulting from
spills of liquid fuel from a plane crash, train derailment, tank truck
accident, or pipeline rupture can present a severe hazard if the spill
engulfs the. structure. The hazard will be-reduced if the precautions
mentioned above have been observed and, in addition, the soil surface is
graded to slope away from any exposed opening into the structure.

3.1.2.3 House Fire

Earth-covered structures provide as little protection against the
hazards of an internal fire fed by contents and fufnishings as has been
afforded by so-called "fireproof" hotels in catastrophes in the last
several years. Only sprinkler or other extinguishing systems can
provide protection against this hazard. Limited openings for egress and
ventilation can complicate escape from and the fighting of an internal
fire in an earth-covered structure.

3.1.2.4 Loss of Power in Cold Weather (Ice Storm, Blizzard, Power

Blackout, 0il Embargo, Coal Strike)

Loss of power is not a severe hazard to residences, nor is cold
weather; but the combination, wespecially if persistent, can be

‘dangerous. It is against this hazard that earth-sheltered structures

are really designed. Their very low heat loss rates and surrounding
soil temperatures assure that pipes will not freeze if the doors and
windows are kept closed and ventilation minimized. A wood-burning stove
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or fireplace can easily maintain a shirt-sleeve environment in much of
the structure as long as the wood supply lasts. A properly designed
structure employing passive solar heating will remain comfortable
indefinitely even with numerous cloudy days.

Drifting snow can develop into an egress problem if entrances
haven't been properly designed. Open atria can be completely filled
with snow. Exposed south walls can be completely covered with drifts,
blocking egress and solar heating., If built in snowy areas, atria
should be covered (at least in winter) and elevational structures need
to be protected by snow fences or tree plantings. In any case,
emergency exits through skylights should be provided.

3.1.2.5 Toxic Vapor and Toxic Aerosols

The very low uncontrolled infiltration rate characteristic of
earth-sheltered structures (and very well-constructed, modern,
convéntiona] structures) offers the possibility of some protection firom
airborne toxic materials. Appropriate filtratidn equipment can be
installed in the ventilation system to be switched on if there is some
reason to fear airborne toxic materials.

Toxic vapors such as ammonia, chlorine, phosgene, radioiodine, or
sulfur dioxide require expensive charcoal filters. To be effective
against high vapor concentrations, a lot of charcoal is required.

Transportation and industrial accidents releasing such vapors have been

handled by evacuating the surrounding population.

Toxic aerosols can be removed very effectively and inexpensively
with high-efficiency particulate filters. The toxic materials can be
radiological, biological or chemical poisons released by industrial
accident or malevolent act. To some people, ragweed and other pollens
are toxic airborne biological aerosols.

3.1.2.6 Reactor Accident

The hazards to people from reactor accidents are from inhalation of
radioactive airborne materials and from external irradiation from
airborna2 and deposited radiocactive materials. Airborne materials may be
vapors and gases (iodine, xenon, and krypten) and radioaerosols (all the
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other fission products). OQutside plant boundaries, inhalation of rare
gases does not present any real threat to health. lodine 1is a
potentially serious problem. It can be removed by charcoal air filters.
Its danger to humans can be reduced at least two orders of magnitude by
ingestion of 100 mg of potassium dodide, minutes or hours before
exposure,

The mejor danger from reactor accidents is inhalation of radio
aerosols. The same considerations apply as for toxic aerosols mentioned
above: a 1little protection is obtained by a relatively airtight
structure, but almost complete protection can be obtained by connect1ng
an absolute filter into the ventilating system.

High protection against external radiation from a reactor accident
is offered by almost any earth-sheltered structure. . This is due to the
fact that very high levels of ground contamination are not expected
outside plant boundaries. An earth-sheltered residence designed for
fallout protection will protect occupants adequately against lethal
external radiation from any conceivable reactor accident.

3.1.2.7 Nuclear Weapon Fallout

The earth-covered roof and sides of earth-sheltered residences
provide some inherent protection from fallout radiation, much superior
to frame houses. However, exposed walls and large windows in ele-
vational design may reduce the fallout protection factor below 40 in
areas in the front rooms.

By putting planters along the exposed wall and slcping the ground
away from the wall, exposure from tnis direction can be greatly reduced.
Arrangement of load-bearing solid walls inside to shield rear rooms can
provide sizable areas of the structure with a protection factor
approaching 1000 in their day-to-day configuration. If the structure is
designed to be crisis-upgradable, very high protection factors can be
achieved. Designing the patio blocks so they may be stacked in the
windows, and making other provisions for piling mass against the front

wall can result in protection factors of several thousand over the

entire floor area.
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3.1.2.8 Nuclear Weapon Blast

Conventional earth-sheltered construction, due to its covered
walls, prestressing load on exposed walls, and safety factor in roof
strength, is sémewhat more blast-resistant than abovegrade frame
structures. Experience with nuclear weapons effects on conventional and
reinforced masonry residences in Operation Teapot in 1955 (Randall,
1961) suggests that unmodified, earth-sheltered construction should
survive 5-7 psi,‘compared with 1-2 psi for frame structures. However,
although the structure may survive 7 psi, large window openings would
result in injuries to occupants in the adjacent rooms. If the windows
are designed to be covered as part of a crisis-upgrading procedure, this
danger can be greatly reduced.

At relatively Jlow additional cost, the reinforced concrete
structure can be made significantly stronger by some increase in
thickness of critical walls and the addition of some steel
reinforcement, [f the roof is designed for the addition of columns to
reduce span length as part of a crisis-upgrading procedure, very
significant blast hardness can be achieved, in the range of one to two
atmospheres (15-30 psi). Any exposed walls must be designed for
corresponding horizontal loads and piled with earth as part of this
crisis-upgrading procedure. A concept employing these techniques is
described Tlater in this report as an example. This concept will be
referred to throughout this report as a crisis-upgradable structure as

opposed to  hazard-mitigating and  conventional earth-sheltered

structures.

3.2 ADVANTACES

The following description gives some of the important advantages
that are attributed to earth-sheltered construction {Chester et al.,
1979).
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3.2.1 Reduced Requirements for Heating and Cooling of the Enveloped
Space

The thermal-tempering effects are derived from two phenomena - the
earth has lower seasonal and diurnal temperature fluctuction than the
ambient air (see Fig. 5) and the average earth temperature lags behind
the average ambient temperatures depending on the depth of earth cover.
In the event of a power failure during extremely cold weather with no
solar input, the temperature in an earth-sheltered building will drop
only a few degrees (e.g., from 58°F to 52°F in 24 hours). On the other
hand, the temperature in an aboveground dwelling under similar
conditions can drop below freezing in the same time (see Fig. 6).

3.2.2 Acoustical Isolation from the Qutdoors

Earth-covered walls and roofs have enormous acoustical impedances.
Earth-sheltered structures have been used for very noisy sites such as
adjacent to busy airport runways and interstate highways. With proper
acoustical design of ventilation intakes and entrances (e.g. use of
vestibules), an earth-covercd structure can be made effectively
soundpronf., Interior noise levels are usually due entirely to the
ventilation system and occupani activities. '

3.2.3 Less Interference with the Surrounding Landscape

With all or most of the structure below grade, visual obstruction
of the landscape is greatly reduced. Roof contour . and planting can be
selecied to make the landscape appear completely undisturbed when viewed

from most directions.

3.2.4 Increased Privacy Compared to Corventional Dwelling

The acoustical and visual isolation available with most
earth-sheltered desigi.s can greatly reduce the disturbance of one
neighbor by the activities of another, even in developments with very
small lots. It is very easy to avoid hovsing arrangements which have
windows of one house looking right into those of the neighbors, which is

so common in housing developments.
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3.3 DESIGN AMD CONSTRUCTION PROBLEMS

Some problems, if not dealt with, could make earth-sheltered

structures physically, aesthetically, or psychologically unattractive.
The techniques for solving most of these problems do exist.

3.3.1 Psychological Fear

There is a common negative reaction to the idea of underground
living. Exposure to good designs will undoubtedly erase misconceptioﬁs
people have about earth-sheltered buildings. People who actually
experience living or working in properly designed underground space
almost invariably are enthusiastic about it. = This has been the
experience with the JIHIR and the Kansas City linderground.

3.3.2 Lack of Visual Depth

The lack of visual depth to the facade cén be compensated by use of
proper combinations of finish facade material well blended with the
adjoining landscaping.

3.3.3 Lack of Natural Light

Many earth-sheltered designs lack sufficient lighting. However,
today many designs integrate direct gain space heating and therefore
employ large amounts of souin facing windows. Proper interior

arrangement of rooms can provide adequate lighting for all  interior
rooms.

3.3.4 Low Infiltration Rate

Low air infiltration rates cause prublems that affect weathertight,
energy-efficient, aboveground homes as wel!l as earth-sheltered houses.
This can create potentially hazardous air contamination, undesirable
odors, and high levels of humidity. The inclusion of interior
circulation, natural ventilation, and mechanical or forced-air
ventilation will produce an acceptable quality of indoor air.
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3.3.5‘ Condensation

Condensation has been a problem. In many cases this can be traced
to situations in regicns with humid summers where earth-sheltered walls
were uninsulated. Condensation occurs when warm humid air strikes the
cool uninsulated walls. Insulation of the walls will usually prevent
this problem. In very severe humidity, mechanical airconditioning to
the extent present in most homes today will be required.

3.3.6 Water lLeakage

Weatherproofing deserves serious attention. Leaking can be a
problem in any type of structure; however, locating and repairing a leak
source belowground is more tedious and expensive. Waterproofing must be
reliable. Careful site planning -and >1andscaping will control the
sources of water. In the first place, sites located in flood plains are
to be avoided, as should high-water-table and low-lying sites. Proper
landscaping, contours, piantings, drainage, and backfilling will reduce
water concentration at building walls. Waterproofing must also include
a proper skin for the building and very careful details for any
penetration (e.g., vents, skylights, etc.). See Earth-Sheltered
Structures Fact Sheets 03 and 04 on waterproofing. (University of
Minnesota, 1980, 1981.

3.3.7 Loads on Walls and Roof

Structural engineering must account for additional lateral and
vertical loads. Most basements are not adequately designed and cannot
be used as examples of earth-sheltered design.

3.3.8 Cost

Although light, commercial underground structures can be directly
competitive with equivalent aboveground structures, earth-sheltered
dwellings invariably cost more than equivalent aboveground wood-frame
houses. How much more is still hotly debated among enthusiasts in the
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field. This additional «cost s wusually partly offset by the
substantially lower heating and airconditioning costs, of the
earth-sheltered structures. See Section 3.4 following.

3.4 (COST COMPARISON: ABOVEGROUND VS EARTH-SHELTERED

The assertion that earth-sheltered structures cost less|or only a
little more than above ground structures is often made by promoters of
earth-sheltered structures. We believe that commercial or institutional
earth-sheltered struciures can, under proper conditons, compete with
aboveground structures when  life-cycle costs are comparéd. This
position 1is hard to support, however, when a massive (concrete),

single-family, earth-sheltered house s compared with the more
conventional, light (wood frame), single-family home. A stud& (Shapira
et al., 1983) recently completed at ORNL, concluded that under present
market conditions, if aboveground and underground dwellingsé of equal
size and guality are built on equal lots, the construction cést of the
earth-sheltered structure compares poorly with that of the a50veground
structure. Lowered operation and maintenance costs, inclu#ing lower
fuel bills, are outweighed by the higher interest charges on %he higher

capital cost which causes the monthly payments to be higher. |
The ORNL Cost and Energy Comparison Study differs ﬂrom other

|
- economic,cost studies in that it is a side-by-side analysis. | For each
7. . . . L .
g; one of the five selected representative localities “identical"
‘ Eﬁ aboveground and earth-sheltered houses were designed. The earth-
&1 B

sheltered structure (which incorporates direct gain space heating) has
the same sizes, number, and quality of rooms and storage aréas as the
atove ground home. Naturally, the floor plan differs ini that the
earth-sheltered home has only south facing windows and the Lnfinished
space or the parking facility is not necessarily.in the basement area.
But, for the home buyer, the exterior style of the house, tﬁe general

VNN | A
el afe L Tata%aa

interior arrangement and the finishing materials are the same for each
region in the aboveground and earth-sheltered structures. - The only

differences are features inherent to energy conservation =-- earth-

SRRESTY

sheltering, direct-gain space heating, etc.
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Both .the aboveground basic unit (i.e., 1living space with no
additional basement, garage, etc.) and the earth-sheltered basic unit
(Fige 7) have approximately 1480 square feet (138 square meters) of
floor space. Depending on the region, a basement, an attached garage, .
or otner space may be added to both the aboveground and earth-sheltered
basic units. Details of construction and final finish are location
specific. '

3.4.1 Costing

Finished sets of blueprints and construction specifications were
prepared and send to an A/E (Architectural/Engineering) firm that
provided a detailed cost analysis (Table 2). The initial construction
costs of the earth-sheltered dwellings are greater than the "about 10%
or more" usually claimed by the promoters of the concept. This is
probably due to the fact that other “studies" compared designs with the
same number of bedrooms but neglected storage or unfinished space
(Sterling and Shurcliff, 1981). In other cases, the earth-sheltered
homeowners who served as their own contractors failed to include their
labor and profit in the cost figure.

3.4.2 Energy Analysis

Table 3 1lists the annual energy consumption for one earth-
sheltered, one energy-efficient aboveground, and one new conventional
home. In one case an older, poorly insulated home was included in the
comparison. The energy savngs are significant. In the Minneapolis
earth-sheltered structure, a saving of 48% in energy consumption was
realized compared to the energy-efficient, aboveground design and a
saving of 65% compared to a standard aboveground house. In Salt Lake
City, the respective savings were 58% and 86%.
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" Table 2. Estimated Construction Cost for the Conventional
Aboveground and Earth-Sheltered Structures, ‘
i January 1931

Aboveground Cost  Earth-Sheltsred Cost Mditional Earth-

(doilars) (dollars) She! tered Cost
Ltocation Subtotal® Totald Subtotal®  Total® Subtoral Total
Minnaapol s/ 72,099 97,099 107,144 132,144 492 362

St. Paul . .

goston - 79,044 102,044 112,882 135,882 432 33¢
Salt Lake City 62,603 84,103 81,530 103,030 308 232
Knoxville 59,313 71,313 77,514 89,514 3 263
Houston ' 60,597 73,347 86,337 99,087 - 423 35%

2includes shell, Interlor #inishes, plumbing, electrical, MYAC, site improvements
subcontractor and contractor!s overhead and protits,

'bTofal cost has land purchase costs added to subtotal,
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’.'-f.." Table 3. Aanual Energy Consumption of Earth-Sheltered
and Aboveground Residences
N
3
2d
i::,?:' Annual Energy Consumption as Calculated by
' SOLEST BLAST
Location Heating Coollng Total Heating Cooling Total
' (mitllon Btu) (mitllon Btu)
: Minneapolls
1 Earth-sheltared  35.3 1.7 37.0 49.4 5.3 54.7
o 2 Aboveground,
A efficlont - - - 67.1 4.6 7.7
L2 3 Aboveground,
yio standard 92.4 9.4 101.8 - - -
-’: 4 Aboveground, :
uninsulated 172.0 12.0 184.0 - - -
Boston
| Earth-sheltered 16.3 1.0 17.3 26.7 3.6 30.3
2 Aboveground,
efficient - - - 30.0 3.1 33.1
3 Aboveground,
standard 83.8 9.6 93.4 - - -
Salt Lake City
| Earth-sheltered 14.6 0 14.6 7.9 3.8 31.7
2 Aboveground,
efficient - - - 28.3 10.3 3.6
ANK 3 Aboveground,
~ standard 85.0 18.5  103.5 - - -
}-‘; Knoxviltle
oy | Earth-sheltered 5.7 6.6  12.3 13.4 2.2 15.6
2 Aboveground, ‘
i~ etficient - - - 12.5 12.8 25.3
;‘7 3 Aboveground,
ot standard 60.8  30.0 9.8 - - -
s ‘
”f Houston
E | Earth-sheltered 0 9.9 9.9 3.7 5.7 © 9.4
Ey 2 Aboveground,
- efficlent - - - 5.2 9.6 14.8
‘ 3 Aboveground,
."; standard 25.7  55.8 81.5 - - -
i
i
i

Eg

_—
ool




tmd

1

-~
' s

4

...-;.:.;.'.'.
", U

-
ot
s

ity

4. ..
oo
L PLALA DY

<u
LR

,5..
CLRs

[,
- B aa.n

.‘}"ff /';.::.

By 352

..
P

KR
2L

% ]

s
e

>l

B Rt L

AN A Aty

PO

el 1 £t
2 - Nl

:

P,

EARR
P SR

7 weets

AT ..*_."_.:,

&

Y MRE

.
P,

35

3.4.3 Life-Cycle Costing

The only fair Way to compare two proposed investments that vary
significantly in initial expenditure and in operating costs is to
compare life-cycle costs. This method 1is not in general use by
homeowners but has become widely accepted by commercial and industrial
enterprises. Present methods of life-cycle cost analysis provide two
equivalent measures of life-cycle cost, the “"Present Value" and the
"Annual Cost" methods. Life-cycle analyses were made on each of the
designs. Using 1981 construction and conventional loan mortgage rates
(14% to 16%), it is difficult for the earth-sheltered homes to compete
economicalfy with either the standard or the energy efficient
aboveground houses if initial construction, annual maintenance and
energy costs are the dominant comparison parameters (see Table 4).
Lowered operation and maintenance costs, including lower fuel bilis, are
outweighed by the current high interest rates which causes the mortgage
payments to be so much higher that they offset the savings derived from
the energy-conserving features of the earth-sheltered, passively heated
residence. | .

Cost added by earth-sheltered construction must be kept at or below
10% in order to compete with the aboveground home with the mortgage
rates now in effect. It may turn out that 14-15% mortgage rates were a

temporary economic aberration. If mortgage rates fall below 10% and

consumer prices remain around their present levels, especially for gas
and electricity, life-cycle costs of earth-sheltered residences may
become much more competititve with conventional construction.

It should also be pointed out that earth-sheltered homes‘carry a
wide range of price tags. For those who are interested in the benefits
of earth sheltering, an earth-sheltered home that has a price tag to
suit their bﬁdget exists. Buying this earth-sheltered house rather than
a conventional aboveground home carrying the same price tag means: (a)
some reduction in sguare footage, (b) loss of a dining room or den, (c)
omitting an unfinished basement, or (d) reducing the number of bedrooms.
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The results would Qe very different if comparison were made in the
commercial, institutional sector where the construction costs for the
earth-sheltered versions| are not significantly different from those of
the aboveground; and, ovgr the life of the structure the earth-sheltered
structure offers both comfort and monetary advantages. The materials
used for conventional copmercial buildings are similar in most cases to
those used in earth-sheltered construction. For example, commercial
buildings are largely built of masonry and concrete materials rather
than of wood as is theicase with most residential construction. The
contractors in the commercial sector possess both the knowledge and the
heavy equipment needed for most earth-sheltered construction. These
factors are significant 1in reducing the cost differences between
aboveground and earth-shéltered commercial designs.

So far the discussibn has covered only the cost of “conventional"
earth-sheltered stru:turés which, though they provide good protection
from natural hazards, must be improved to give the high degree of
radiation and blast prdtection from nuclear weapons effects. The
modifications can take p]%ce within the existing structure with no added
space required, The conLentiona] design needs to be modified slightly
as discussed in Section 4}1 so that crisis upgrading can take place with
a minimum of materials fand effort. Dual use cf space (i.e., for
peacetime and for crisis%upgrading) affords a shelter at minimal added
construction cost. The corresponding added value is not usually
included in life-cycleg cost analyses. Over the conventional
earth-sheltered structure the added cost for dual use as a crisis
upgradable shelter for 100 people would be approximetely $6000 (See
Section 4.2).

3.5 COST REDUCTION !

There are ‘several wayé that the premium cost of an earth-sheltered
structure can be reduced% These include innovative use of land and
employing innovative construction techniques and materials. The
folluwing paragraphs present a selection of the ones we feel have the
best potential for cost reduction.
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3.5.1 Suburban Subdivisions

In suburbs of larger communities the price tag attached to each
parcel of land is ve.y high. Earth-sheltered homes reduce very little
the amount of open space both visually and physically (Fig. 8). By

dividing the 1lots in a subdivision in a manner more suitable for

earth-sheltered buildings (e.g., long narrow lcts along contours), the
size of each lot can be significantly reduced without sacrificing the
amount of "grass and garden." For example, in 1981 in a Minneapolis
subdivision, a 120x220 ft lot sold for $27,900. (Minneapolis Real
Estate Agents, 1981). That subdivision had excellent orientation and
could have been divided into lots uniquely suited to earth-sheltering
and produced two to three times the number of lots. This would have

_ yielded a net cost reduction for each homesite of at least $14,000.

Another advantage of constructing earth-sheltered homes 1in small

‘communities is the saving that can be realized by bringing in the

necessary heavy equipment for 'essentially "volume production.” An
encouraging start on such developments is the proposed "Rural
Earth-Sheltered Energy Park" (Ellsworth et al., 1981) Leing planned by
the Cumberland Development Corporation in Cumberland, Wisconsin. The
planning phase was funded by the U.S. Department of Energy.

3.5.2 Mass Production

Mass production techniques have been used with great success in the
building of our "mobile homes" as well as our automobiles. Mass
production of modules in factory settings can materially reduce costs
and improve gquality control. Even "mass production" on-site is
possible. Precut, precast members and modules can be assembled on site
much more economically than is possible with the traditional building
technigues. One prerequisite for these reductions is a standardization
of specifications and designs which can come only from a concentrated

community or government effort,
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3.5.3.2 Tilt-up Construction

This s a technique ‘Nelson, 1981} developed to wuse the
construction site as a prefabrication area. The flat slab floor is
poured in place, cured, and then sprayed with a chemical se'ler and bond
breaker. Next, the wall panels are laid out on the finished floor. The
size of wall panel is limited only by the capacity of the crane th. t is
available. Forms for ;he panels are installed on the floor, using 2x6
lumber. Lifting inserts are installed at the top of each panel. The
concrete is placed, vibrated, and trowelled to a smooth finish. The
wall panels can be poured in stacks wherever convenient. After the
panels are poured and cured, a crane is brought in to erect them. This
meth~d saves much labor and materials and reduce§ the compiexities of
the formwork. In addition, quality control of such wall panels can be
much better than vertically poured walls and can be less porous to
water, making waterproofing more dependable.. '

3.5.3.3 Use of Reusable Forms and Scaffolding

' Large-scale contractors are able to save costs for their clients by
stocking forms that can be reused.  This requires a large investment in
equipment and standardization of the design of concrete panels. There
are a few equipment suppliers that now can provide reusable forms and
scaffolding on a rental basis. The success of this as a method of
reducing costs depends upon wide acceptance of the techniques. This is
one area where government assistance could make a difference. ‘

3.5.3.4 Innovative Forms

An inflatable form system 1is available (Earth Shelter ‘Living,

1982). [t results in unconventional dome shapes but could save

considerable labor and materijal.

3.5.3.5 Collaborative Construction

The alternate energy movement in the United States seems to have
generated a comaraderie similar to that displayed by the rural
communities of the Midwest during the last century, where it was
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customary for farmers to help each other build their barns. Some of the
earth-sheltered-living fans have initiated informal collaborative grcups
that help each other build earth-sheltered houses (Earth Shelter Living,

‘1982). With the help of a number of franchisers who are in the market

with structures suitable for such groups (e.g., U.S. Gypsum, U.S. Stee!,
and Terra-Dome), local groups could learn the necessary skills and help
each other build homes. Since the contractor's profit and overhead
sometimes account for 20 to 30% of the cost of a new home, cooperatively
built.homes should cost that much less.

3.5.4 Innovative Structural Materials

3.5.4.1 Concrete Arch Systems

A system that was developed in Switzerland for tunnel iining in
1968 has been adapted for use in earth-sheltered homes by a Florida
architect (Or. John B. Langley) and the Metal Products Division of
United States Gypsum Company. [t is a patented system called the
“BERNOLD PLATE" system, It has been used in at least 16 carth-sheltered
homes. The system uses; steel plates punched out of l4-gsuge steel. The
plates are assembled to form an arch which serves the dual functions of
form and reinforcing. The plates are approximately four feet square and
weigh 40 to 50 pounds each. A two-person crew with only ordinary
carpenter's skills can assemble them in place ready for the concrete
cover even without the use of a crane. After the arch is in place it is
covered on both sices by Shotcrete™, The arched shape provides a

" much stronger roof than a flat slab. This method saves all the forming

costs, uses less concrete, and avoids the need for heavy construction
machinery. The shotcrete operation can be continuous after the arch is
in place. The curved sections are rolled to the specific curvature
required by the individual! project. U.S. Gypsum Company is planmning to
provide several standard radii as stock items if the demand becomes
large enough. DOetails of the method are given in a handbook (lLangley,
1980).
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3.5.4.2 Prefabricated Modular Shapes

The My-My pods mentioned earlier could be used to produce many
earth-sheltered homes rapidly by some company holding a license from the
Taisei Construction Company to build them in America. Or some company
in the U.S. could develop a comparable product for mass production.

3.5.4.3 Preformed Culvert Sections

Although this method has not been sufficiently tested yet, we
believe that quite satisfactory earth-sheltered homes <can be
economically built using standard commercially available structural

plate arches. These are available in gauges (10) in useful widths

(25-40 ft) which withstand complete burial., Great savinys in erection
iabor can offset the higher material cost. When fully buried with 5 ft
of cover with sufficiently dilatant backfill, structures of this type
have withstood nuclear weapon overpressure as high as 100 psi, due to
earth arching.

3.5.4.3 Surface-bonding Agents

This method of strengthening a concrete block wall shows some
promise of roducing the cost of concrete walls., The method consists of
trowelling the surface bonding agent (e.g., Surewall™) on the
surface of a concrete wall laid up without mortar. A builder using this
method could use much less skilled labor than required for an ordinary
concrete wall, would require no forms, and would be almost as strong as
a poured in place concrete wall ({(Mother Earth News, 1981). The method
has not been sufficiently tested yet, so some additional reséarch would
be needed to verify the projected savings.,
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4. AN EXAMPLE OF HAZARD RESISTANT DESIGN

4.1 MODIFICATIONS TO THE "KNOXVILLE" EARTH-SHELTERED DESIGN

If below-grade construction of a habitable space can be justified
by energy and/or land conservation, (or for any other reason for that
matter), there are techniques for converting it to blast shelter in a
crisis at moderate cost, especially if the structure has been designed
from the beginning to be crisis-upgradablie.

The Knoxville earth-sheltered design (Fig. 9) employs the following
features:

(1) slab-on-grade floor,

(2) three poured-in-place steel reinforced concrete perimeter

walls,

(3} hollow concrete-block interior walls,

(4) wood stud/sheet rock partition walls (parallel to the south

facade),

(5) a south-facing "window-wall,*

(6) prefabricated hollow core ceiling panels of SpandeckTM,

(7) the three “earth-contact® walls are carefully waterproofed,

(8) thermal insulation boards provide mechanical protection of the

waterproofing, and

(9) attached garage with partly earth-covered walls and uncovered

roof,

The "Knoxville design® emphasizes cost and energy conservation. To
maximize hazard mitigation, some changes have been mnade in the design,
shown in Figs. 10 and 11 and in the working drawings in Appendix E.

The major change is the greater use of load-bearing interior walls
and cast-in-place (CIP) roof. These eight-inch reinforced walls can be
either cast-in-place concrete cor grouted retaining-wall block. They are
arranged to provide more uniform support of the roof, reducing un-
supported roof spans, and in conjunction with the solid portions of the
front wall, provide more protection from radiation and wind-driven
missiles for the rear areas of the house., The room designated "study"
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is designed to have a radiation protection factor of several hundred and
complete protection from wind-driven missiles in the peacetime
configuration of the house. The smaller windows in the bedrooms would
have external planters or be in front of the solid walls under them
to provide additional fallout protection and incidentally a little more
thermal insulation. |

The garage in the Knoxville design with its difficult-to-protect

‘doors and expensive walls has been moved away from the house so the west

wall can be bermed. To reduce cost, the garage can be a carport. The
green earth-sheltered motif of the house can be retained for the carport
at a minimum cost by the use of trellises and appropriate plantings.

. The columns on the front wall have been designed to take the
horizontal loads from a one-atmosphere blast overpressure. The openings

" for the windows are designed to be protected against blast by stacking

the patio paving blocks in front of the glazing as part of  a
crisis-upgrading procedure. For the maximum protection, earth from the
banks on either side of the house can be piled against the front wall
after the window closures are in place. This operation would require
either construction equipment (front-end loader or bulldozer) or a great
amount of hand labor to move the required 60-100 m2 of earth. However
it would provide a failout protection factor of at least 1000 over the
entire area of the house, and eliminate the danger of pressure
amplification in re-entrant angles from blast waves approaching from the
direction of the exposed walls, ‘

The roof is specified as cast-in-place concrete rather than
prefébricated concrete planks (e.g., SpandeckT™).  The cost of the
two approaches is a tradeoff unless labor costs are extraordinarily
high, which is generaliy not the case in rural or suburban areas around
smaller cities. The CIP roof has the advantage of much greater
ductility and toughness, much better anchorage at the walls, much more
punch resistance if extra support columns are used, and better radiation
shielding from the same bearing capacity. The eight-inch-thick roof is
designed to resist one atmosphere overprassure functioning as a two-way
slab. One support column is required in the center of the living room
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as part of the upgrading procedure. By putting four columns in the
living room and adding one column at the center of each of the other
seven structural bays, the roof would resist overpressures in excess of
three atmospheres. ,

A depth of cover on the roof of three feet, or at least one-fifth
the span, is specified. If the earth used has a large angle of internal
friction (more than 35°), earth arching to the walls and columns will
occur under blast loading, providing another factor of two protection
against long-duration overpressures, and several times this against
short duration blasts (as from kiloton range weapons).

The skylights are designed to serve multiple functions as
ventilators and emergency exits. In the peacetime configuration they
would have an acrylic weather cover, and provision for ventilation and
emergency egress, and winter insulation. Part of the crisis-upgrading
procedure would be replacement of the peacetime closures with a blast
door and an expendable/replaceable weather canopy. Figure 12 shows the
structure in its upgraded posture.

4.2 COST COMPARISON

The changes made in the "Knoxville Design" earth-sheltered struc-
ture in the interest of both hardenability and cost containment in the
"crisis upgradable design" have made a cost comparison between the two
ambiguous. To identify more clearly the costs of hardening, another
design, the "Knoxville Economy ESS", has been introduced which has the
cost-saving features of the crisis upgradable ESS but not the hardening.
The economy structure is the Knoxville design with the garage replaced
by separate carport and the concrete retaining walls replaced with
slopes stabilized with railroad ties.

In addition to the carport, the use of ceramic tile in the bath and
fabric-backed gypsum interior wall covering was identified as a cost
option, but is included in the final totals.
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The costs of four structures are compared in Table 5. The first
two columns are the Knoxville aboveground design and the Knoxville
Earth-Sheltered Design from the Cost and Energy Comparison Study

(Shapira 1983) with the prices corrected for 15% inflation from January
1981 to January 1983. The Knoxville Economy ESS and Crisis Upgradable
Structure in the third and fourth columns are as previously described,
with the costs estimated for early 1983 (when costs were quite stabie).
A1l costs include materials, labor, and 10% contractor's overhead and
profit.

The bottom line in Table 5 is the percentage increase in the cost
of each structure which must be added to buy a crisis-upgradable
structure which can be hardened to one atmosphere blast overpressure.
The cost due purely to hardening (a‘Tittle over 6 percent) can be seen
from comparison between the Knoxville Economy ESS and the crisis
upgradable ESS. This cost is due principally to the strong columns in
the south wall, and the increased cost of running the electrical wiring
in conduit in the floor, solid walls and roof. It is much cheaper to
run wiring in hollow block or stud walls, and a hollow concrete plank
roof. The cast-in-place roof is not too much more expensive than
precast plank. |

The cost increase over aboveground design, 33%, is due principally
to going underground and replacing frame construction with reinforced
masonry or concrete construction. Once the cost of going underground
has been accepted, the additional cost of blast hardening is minor, and
could be offset by foregoing or deferring other amenities.
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5. INTRODUCTION TO TECHNOLOGY ADOPTION AND DIFFUSION PROCESSES

In addition to the technical features of earth-sheltering discussed
earlier, it 1is important to understand the adoption and diffusion
processes by which a “new" technology like this is tried and eventually
accepted by society. Research on the diffusion of innovations has
addressed three basic areas - inventive activity, or the development of
an idea into a marketable product or service; the diffusion process
itself; and the impacts of innovation diffusion (Brown, 1981). In turn,
research on the diffusion process has consiéted of two major research
traditions - the adoption perspective and the market and infrastructure

perspective. ‘Although these ‘two orientations emphasize different .

aspects of the process, as discussed below, in combination they offer

substantial guidance regarding what can be done to gain widespread
adoption of an innovation. ‘

5.1 THE ADOPTION PERSPECTIVE*

The basic premise of this, perspective is that the adoption of an
innovation is primarily the outcome of a learning or communications
process (Rogers and Shoemaker, 1971). If an individual learns about an

jnnovation, if that innovation is compatibtle with his or her social,

economic, and psychological characteristics, and if that inncvation
satisfies a felt need better than existing alternatives, he ur she will
adopt the innovation. ‘ |

The ability of innovation proponents to induce adoptions through
information flows has been shown to be quite limited. Among the five
stages of the adoption decisionmaking process as identified by Rogers
and Shoemaker (i.e.,, awareness, interest, evaluation, ‘trial and
adoption), impersonal sources of information, such as mass media,
professional journals and untargeted information dissemination programs

*Much of this discussion derives from Berry and Bronfman (1980).
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may affect the first two, awareness and interest; later stages of the
process usually require the influence of social interactions, opinion
leaders, and other market-pull forces (Berry and Bronfman, 1980).

The compatability of an innovation with a potential adopter's
sacial, economic, and psychological characteristics has been measured

in terms of the characteristics of innovations and of their adopters.

Innovations have been characterized along numerous “objective"
dimensions, including relative advantage, complexity, trialability or
devisibility, observability or communicability, cost, vreturn on
investment, efficiency, risk, and numbers of gatekeepers, among others
(Zaltman, et al., 1973; Hough, 1975; Rogers and Shoemaker, 1971; and
Harnér, 1974). Many researchers stress that however objective these
attributes may appesr, it is the potential adopter's perception of
attributes that determines adoption. .

5.2 THE MARKET AND INFRASTRUCTURE PERSPECTIVE

The market and infrastructure perspective on the diffusion process
posits that “the opportunit ' to adopt is egregiously and in many cases
purposely unequal" (Brown, 1981, p. 7) and focuses on the process by
which innovations and conditions favorable to adoption are made
available to potential adopters. Three major activities compose the
diffusion process - the establishment of diffusion agencies or outlets
through which the innovation is to be distributed; the development of
implementation strategies by these agencies for inducing adoption within
their markets or service areas; and finally, the actual adoption of the
innovation (Brown, 1981). Brown's emphasis on the supply side of
diffusion, in contrast to the adoption or demand side characterized by
Rogers and Shoemaker, seems particularly germane to those institutions
interested in inducing diffusion. This view places responsibiiity for
diffusion success on the diffusion agency rather than on the acopter,
uses existing distribution systems rather than creating new ones, and
actively incorporates commonly used business and marketing strategies in
the diffusion process.
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The concept of a technology delivery system or innovation delivery
system is a particular variant of the market and infrastructure
perspective (Berry and Bronfman, 1980). This sy<tem has a number of
components, including (1) research-performing institutions; (2)
manufacturing institutions; (3) pfoduct-distribution institutions; and
(4) lending institutions that make funds available to other components
of the technology delivery system and, potentially, to adoptefs as well,
According to Ezra (1975), all of the components of the fechnology

delivery system must be in place and be ready to accept a new technology

before it can penetrate the marketplace Financing such a system can be
achieved through a variety of mechanisms, including outright federal
funding; cost-sharing; loan-guarantees or loan insurance; construction
grants; and indirectly through codes, standards and regulations.
5.3 IMPLICATIONS OF ADOPTION AND DIFFUSION PROCESSES FOR

EARTH-SHELTERED RESIDENCE ADOPTION

In order for a program encouraging the adoption and diffusion of
earth-sheltered structures to be successful, it is important to pay
close attention to what is currently known about adoption and diffusion
processes. Although there are no general predictive models or theories
of diffusion that can be applied directly to the problems of inducing
adoption and diffusion and forecasting diffusion rates, as the
divergence of the two research traditions indicates, the literature does
suggest a number of principles that might guide the develcpment of
policies intended to encourage adoption and diffusion of earth-sheltered
residences.

5.3.1 Market ldentification and Segmentation

It is important to characterize the potential market for earth-
sheltered structures early in the policy development process. The
diffusion literature has identified ideal types of adopters - the
"innovators” who are venturesome; the "early adopters" who are
respectable opinion leaders and help to evangelize the innovation; the
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“early majority” who follow opinion leaders with deliberate willingness
but seldom lead; the "late majority* who are skeptical and must be
dragged into the market; and the "laggards® who, due to strong ties with
traditional ways of doing things are the last to adopt a new technology
(Rogers and Shoemaker, 1971). The question becomes one of identifying
segments of the population who are likely to lead the market. In the
case of earth-sheltering, the innovators already exist, and the task is
to develop policies that will affect the behaviors of opinion leaders
and those willing to examine and evaluate purposefully the desirability
of earth-sheltering. Who are these people, and where do they live? Can
the innovation (i.e., earth-sheltering) be characterized as compatible
with their values and objectives? What, if anything, needs to be done
to make the innovation compatible with their values and goals?

5.3.2 Use of Existing Infokmation and Communications Networks
Potential adopters operate within existing social structures that

have existing communications networks. They attend to diverse
information sources, from the mass media to their coll2agues at work.
Equally important, and congruent with the market and infrastructure
perspective on diffusion, they tend to seek information from traditional
sources. In the case of making housing investments, they are likely %o
communicate with real estate firms, appraisers, builders and developers,
and lending institutions as well as the mass media (e.g., real estate
listings) and their friends and colleagues. Putting information in the
right sources is, then, perhaps as important as the content of the

informat ion itself, o

5.3.3 Infrastructure Uevelopment
In addition to information, diffusion agencies need the resources

and the will to induce adeption. If, as Brown maintains, individuals
make choices within a constraint set, it is important for adoption and
diffusion proponents to ease the constraints potentially limiting
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adoption. This implies that the conditions favorable to diffusion need

to be designed to be sensitive to the existing institutional environ-
ment, taking full advantage of the knowledge, sexpertise, and power
residing in those institutions, This also i@plies that existing
institutional resources need to be supplemented where they are

t

deficient. |

i
5.3.4 Identification of Specific Institutional Issues or Barriers

Given the diverse range of potential barrier{ to the adoption and
diffusion of earth-sheltered structures, it i# useful to develop
policies that address specific barriers in specific market segments at
specific times in the adoption process. For instaﬁce, early initiatives
might address a specific issue (see Section 6) that affects acceptance
of earth-sheltered mortgages by the financial commJnity when influential
persons are considering making personal investménts in such housing

i
|

options.

5.3.5 Adoption and Diffusion Monitoring

i
|

Whatever diffusion options are -implemented, itfwill be important to
monitor and evaluate their results so that midcourse revisions and
corrections might. be made. This would especially}be critical when the
diffusion agency has Jlimited resources and wants:to support tne most
cost-effective elements of a multi-dimensional diffusion stralegy.

5.4 SUMMARY

The diffusion literature suggests careful attention to demand and
supply dimensions of innovation adoption. Central to both of these
dimensions is the identificaticn of those specific issues that may
impede optimal behavior by potential adopters and%the relevant infra-
structure. The following Section presents a c0mpréhensive list of such
issues and presents an evaluation of those tﬁat are deemed most
important to the adoption and diffusion of earth-sheltered residences.
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6. INSTITUTIONAL ISSUES

Issues arising from the institutional and organizational inter-
actions necessary for the adoption of a new technology are very
important to consider when exploring ways to ehcourage the private
sector development of earth-sheltered residences and communities. This
section will focus on those issues expected to be important in the

-adoption of earth-sheltering by the residential sector. Institutional

issues unique to public, commercial, and other non-residential
structures were not studied, but the likelihood of major similarities
and differences between the residential and non-residential sectors will
be discussed briefly.

Data on institutional issues and options affecting the adoption of

'earth-sheltering housing were gathered in two basic ways. In the first

phase of the study, an in-depth review of the literature on
earth-sheltered structures was conducted and a preliminary list of
institutional issues and relevant policy options was compiled. In the
second phase of the study, additional information was obtained through a
review of the relevant literature and the use of gquestionnaires

"completed by a panel of 16 experts. This panel included experts in the

areas of earth-sheltered structures, diffusion of innovation, disaster
research, housing, law, policy analysis, and planning. The data
collected during Phase I] was then analyzed by ORNL staff to produce the
findings presented here and in subsequent chapters.

Table 5 presents a broad range of institutional issues that could
affect the development of earth-sheltered houses and communities. Over
40 issues were identified and grouped in five general categories. The
first category contains issues related to the desire to wuse
earth-sheltered residences. These issues involve the perceived
attributes of earth-shelitered dwellings and how they influence the
behavior of potential adopters. This focus is compatible with the
popular “adoption perspective” on innovation diffusion, which centers on
the process by which individuals decide to adopt a new technology
(Rogers and Shoemaker, 1971).
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Table 6 Complete Listing of Institutional Issues Affecting
the Utilization of Earth-Sheltered Residences

Issues Related to the Desire to Use Earth-Sheltered Residences

Aesthetics

Livability

Safety

Soundness of Investment

Conformity to Socially Accepted Image
Expression of Personal Values

Response to the Threat of Nuclear Ward

eooco0oo0c¢o

Issues Relating to the Construction of Earth-Sheltered Structures

Building Regulations

Land Use Regulations

Restrictive Covenants

Limited Experiance of Planners and Regqulators
Availability o/ Tnexpensive Designs and Plans

Financing of (- truction Loans

Innovation in .hz Construction Incustry

Difficulty in 8eilding Neighborhood/Community as Planned®

ooco0co0000GO

Issues Related to the Ability to Purchase Earth-Sheltered Residences

© Avaijlability of Suitably Trained and Equipped Contractors

© Availability of Mortgage Money at Attractive Rates

© Ability of Earth-Sheltered Nejghborhoods/Communities to
Reduce CostsP .

Issues Related to the Use of Earth-Sheltered Residences

Interior Enviromental Quality

Maintenance of Structure

Access to Structure

Energy Use

Taxation

Insurance

Resale

Emergency Use of Earth-Sheltered Structures

Ease of Interaction with Neighboring Units

Protection from Intrusion or Yandalism

Legal Liability Imposed under Doctrine of Attractive Nuisance
Need for Access to Specialized Equipment (or Large Numbers
of People) and Materials to Allow Crisis Use?

0000000060000

31ssues related exclusively to the adoption of crisis-upgradable
earth-sheltered structures,

bIssues related exclusively to the deve!~nment of earth-sheltered
neighborhoods or communities.
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Table & (continued)

Issues Related to Community-Wide Effects of Using Earth-Sheltered
Structures

coococoococoo0cCco00

Housing Density

Urban Form :

Environmental Protection

Energy Consumption

Disaster Protection

Public Access to Earth-Sheltered Dwellings in Case of Disaster
Neighborhood Concept

Changes in the Image of the City

Changes in Existing Building Industry ,

Societal Impacts Arising from Policy Initiatives to
Stimulate Earth-Sheltering
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In contrast, the next set of issues focuses on the organizational
arrangements whereby earth-shelters are built, an area of vital
importance in assuring that potential auopters will have something to
adopt. The major actors involved here are builders, developers,
designers, lenders, and regulators. The type of issue treated here is
compatible with the “"supply side" or "market and infrastructure"
perspective from the diffusion of innovation literature‘(Brown, 1982).
Also compatible with this perspective are those issues related to the
ability to purchase earth-sheltered dwellings, which fall into the third
major category identified in this study. While the ability to purchase
is clearly influenced by an individual's socioeconomic status, fhe focus
here 1is on those institutional factors (like the availability of
suitably trained and equipped contractors) which help determine the
market price of an earth-covered dwelling. Again, the emphasis is on
the infrastructure which determines the ahility of an individual to take
advantage of an innovation.

Issues related to the use of earth-sheitered dwellings arise after
.an individual or family purchases and moves into such a dwelling, These
ijssues are important bcth for their impacts on those who have already
adopted this technology and for their potential influence on future
adopters, whose decisions can be strongly influenced by the experience
of early innovators (Shama, 1982). While this set of issues is
important from both the adoption as well as the "impacts" perspective,
the final category of issues identified is important solely from the
perspective of its impacts. Issues related to the community-wide
effects of using earth-sheltered residences focus on how the adoption of
a new technology wil affect society at large. Relatively neglected in
the diffusion of inncvation literature, with the notable exception of
the recent writings of L. A. Brown (1982), the effects of new
development have long been of interest in the fields of technology
assessment (Coates, 1974) and social impact analysis (Finsterbusch and
Wolf, 1977).
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All the issues identified in the five categories discussed above
were examined for their importance in affecting the adoption and use of
earth-sheltered residences. The remaining sections will focus on those
issues judged to be significant relative to each of FEMA's three majof
interests, presented in Chapter 1. Section 6.1 presents important
issues associated with the adoption of hazard-mitigating
earth-sheltered structures; Section 6.2 contains those issues associated
with Crisis-upgradable earth-shelters; and Section 6.3 describes
important issues associated with the development of earth-sheltered
neighborhoods or communities. Those issues Jjudged as most important in

affecting the utilization of earth-shelters are discussed in some

detail, while issues classified as moderately important are treated much
more briefly (for a more complete discussion of those issues rated as
moderately and least important, see Appendices A and B). A preliminary
discussion of institutional issues associated with the adoption and use
of non-residential earth-sheltered structures can be found at the end of
Section 6.1. Before we begin the discussion of specific issues,
however, a brief definition of terms is in order. ‘

The issues presented below were selected from a preliminary list
of issues (Table 5) complied as the result of an extensive literature
review in the area of earth-sheltering. The most significant issues
from among those in the initial listing have chosen with the heip of a
subsequent search of fhe diffusion of innovation literature and the
responses to a questionnaire (Appendix C) distributed to experts
(Appendix D) on earth-shelters, innovation diffusion, and other relevant
subjects. To allow the prioritization of issues, "most important"
issues are defined as those most likely to have an immediate or near-
term effect on the adoption and use of earth-sheltered building tech-
hology (most often by presenting a significant barrier to utilization)
and likely to require some type of timely response (e.g., a government

‘policy initiative) to stimulate utilization. "Moderately important®

issues, while expected to play a significant role in the diffusion of
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earth-sheltered building technology, will have less immediate impact on
adoption and use and will require less direct intervention. Issues
classified as "least important" are expected to have limitzd
significance in the diffusion process and will not be discuss~. in the
body of this report.

It is important to note that the prioritization of is:.ies presented
here is likely to change over time, with different jss<ues assuming dif-
ferent degrees of importance as one stage in the adoption process
yields to the next (Friesma, 1982). It should 4lso be noted that the
importance of these issues has been judged largely on their expected
potential for influencing the adoption and use of earth-sheltered
residences. Were the focus of attention shifted from issues affecting
adoption and use to those societal issues engendered by the widespread
utilization of this type of structure, the relative importance assigned
to the various issues herc could be considerably différent. Government
policymakers must be aware that if they choose to implement measures
designed solely to encourage the utilization of this type of structure,

they may be failing to address other issues that could be critical for
society as a whole.

6.1. ISSUES ASSOCIATED WITH THE ADOPTION AND USE OF HAZARD-MITIGATING
EARTH-SHELTERED RESIDENCES

Hazard-mitigating earth-sneltered structures are characterized by
the protection they offer occupants against a varijety of natural and
man-made disasters, including radicactive fallout. These structures are
similar in design to many elevational earth-sheltered dwellings built in
recent years. This indicates that the same degree of protection might
be available to a sizable proportion of the earth-sheltered market
without the necessity for substantial change in designs or in
established earth-sheltered building practices. Working against this,
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however, 1isi the fact that increasing numbers of earth-sheltered
dwellings are being built with conventional, exposed roofs (Sterling,
1982), loweking costs somewhat but removing many of the safety
advantanges traditionally associated with earth-covered buildings.

A complete listing of important institutional issues associated
with the adoption and wuse of hazard-mitigating, earth-sheltered
structures i‘ presented in Table 6. The most important issues will be
discussed in Section 6.1.1 and moderately important issues will be
treated in S#ction 6.1.2. A brief discussion of non-residential issues

will be presented in Section 6.1.3.
|

6.1.1 Most fmportant Issues

Two geneﬁal types of issues emerge as most important in affecting
the adoptioni and use of earth-sheltered residences. They are: (1)
issues relatéd to the desire to use such structures, and (2) issues re-
lated to thé ability to purchase them. Three specific issues are
singléd out ?s being most important from the first set of issues, and
two are seen{as most critical from the second.

i . .
6.1.1.1 Issues Related to the Desire to Use Earth-Sheltered Residences

1
This tvpe of issue is important in the adoption of a variety of

new technologies; however, it is likely to be especially critical for
earth-sheltering because of the negative connotation associated with

"living unde#ground" by many potential home buyers.

Livibility. Both the psychological and physical comfort offered
by earth-sheltered structures are important to potential customers.
Living and Qorking underground is likely to be difficult for some
people but ﬁot for others. Different studies have revealed widely
divergent reactions to the underground environment (Lutz, 1975). The
most interesting finding is that a psychological aversion to inhabiting
earth-covered buildings may be more a product of negative bias toward
the undergro&nd than a result of the actual physical attributes of
surface space (Hollon, 1980). In order to compete with aboveground
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Table 7. Important Institutional Issues Associated with the
Adoption and Use of Hazard-Mitigating Earth-Sheltered Residences.

Issues
o}
0
o}

Issues
0
0

Issues
o}
0

Issues

o000 O0

Issues

MOST IMPURTANT ISSUES

Related to the Desire to Use Earth-Sheltered Residences
Livability

Aesthetics

Soundness of Investment

Related to the Ability to Purchase Earth-Sheltered Residences
Availability of Suitabiy Trained and Equipped Contractors
Availability of Mortgage Money at Attractive Rates

MODERATELY IMPORTANT ISSUES

Related to the Desire to Use Earth-Sheltered Residences
Expression of Personal Values
Conformity to Socially Accepted Image

Related to the Construction of Earth-Sheltered Residences
Building Regulations

Land Use Regulations

Restrictive Covenants

Availability of Inexpensive Designs and Plans

Innovation in the Construction Industry.

Financing of Construction Loans

Related to the Use of Earth-Sheltered Residences
Resale

Interior Environmental Quality

Access to Structure

Energy Use

Related to the Community-Wide Effects of Using Earth-Sheltered

Residences

0

O 0O o000

Housing Density

Urban Form

Neighborhood Concept

Changes in the Image of the City

Frergy ‘

Changes in the Existing Building Industry.

Societal Impacts Arising from Policy Initiatives to
Stimulate Earth-Sheltering
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buildings, however, the warmth, dryness, and Tight that are typically
associated with conventional structures must be available in
earth-sheltered structures. Also, the image of the underground as damp,
musty, and dark - markedly undeserved in most modern earth-sheltered
dwellings - must be dispelled.

Aesthetics. The appearance of earth-sheltered structures and their
aesthetic appeal to potential consumers can strongly influence the
desire to purchase and reside in this type of dwelling. Differences in
height and other dissimilarities in appearance between earth-shelters
and more conventional structures could be considered a negative factor
by many potential customers. According to Roessner (1982), potential
buyers will be very reluctant to deviate from accepted values of
aesthetics or livability without a very powerful reason to give up those
values. This problem could be addressed, however, through designs that
attempt to imitate conventional dwellings with a traditionally styled
front elevation or, conversely, “that successfully develop a unique
earth-sheltered aesthetic that emphasizes the warmth, security, and
strength of building underground (Metz, 1980).

Soundness of investment. Perceptions of the purchase price and
operating costs of an earth-sheltered structure relative to those of a
comparable aboveéround structure, the rate of value appreciation, and
the ease of resale can all be important in influencing the desire to

purchase this type of dwelling.

6.1.1.2. [Issues Related to the Ability to Purchase Earth-Sheltered
‘Residences

These institutional issues are of great importance because the way
in which they are resolved will directly affect the costs of the
earth-sheltered structures and the subsequent ability of notential
buyers to afford them. ‘

Availabjlity of suitably trained and equipped contractors. The
experience and efficiency of builders engaged 1in earth-sheltered
construction will be directly reflected in the cost of earth-sheltered
dwelling units they construct (Sterling, Aiken, and Carmody, 1980).
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As the industry matures, skill levels increase, the number of trained
contractors rises and competition increases, the importance of this
issue should decline and the prices charged for earth-sheltered housing
units should decrease. This, in turn, is Tlikely to encourage greater
sales,

Availability of mortgage money at attractive rates. To allow the

widespread adoption of earth-sheltered housing, mortgage money must be
readily available at rates that will appeal to significant numbers of
potential buyers (Ziebarth, 1982). Thic is important for any type of
dwelling, but especially critical for earth-shelters with their higher
initial costs. The willingness of lending institutions to make such
money available is determined by severé] important factors. The avail-
ability, or lack thereof, of mortgage insurance is one such factor; the
risk to lending institutions in case of default on an earth-sheltered
mortgage would be greatly reduced if mortgage insurance were routinely

.given on loans for this type of structure., The ease with which earth-

sheltered mortgages can be resold on the secondary market, thus main-
taining the liquidity of the original lender, can be another important
determinant of a lending institution's willingness to finance this type

-of building (Koreli, 1978). Other important factors are the ability of

lender to appraise the current and projected resale value of an earth-
sheltered unit (Sterling et al., 1980), and whether or not life-cycle
costing is used to determine the ability of a prospective home buyer to
repay a loan (Patterson, 1978). | |

6.1.2. Moderately Important Issues

Issues of several different types fall into the moderately impor-
tant category and will be listed below. For more detailed discussion of
these issues, see Appendix A.

6.1.2.1. Issues Related to the Desire to Use Earth-Sheltered Residences

Two issues emerge as moderately important in this area. 0One is the
issue of personal values, or more precisely how these are expressed in
one's choice of a dwelling unit. This issue could be important in the
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early stages of the adoption process but should Giminish as the market
matures {Roessner, 1982). The other issue is the closely related one of
conformity to a socially accepted image, and how the desire to conform
is translated into the decision to purchase a particular type of
structure (loreland, 1983).

6.1.2.2. Issues Related to the Construction of Earth-Sheltered
Residences

Several issies of this type have moderate importance for the adip-
tion and use of earth-sheltered residences. They include building regu?
lations and their effects on allowable kinds of _buildings; land use
regulations; restrictive covenants; the availability of inexpensive
designs and plans; innovation in the construction industry and its
consequences in terms of the abilities of architects, builders, and
developers; and the financing of construction loans, which may be
resolved when permanent financing is widely available (Moreland, 1983).

6.1.2.3. Issues Related to the Use of Farth-Sheltered kesidences

0f moderate importance here are the issues of resale when an
owner's use of an earth-sheltered structure draws to a close; interior
environmental quality, access and emergency egress from the structure;
and energy use.

6.1.2.4. Issues Related to the Community-Wide Effects of Using
tarth-Sheftered Kesigences

While these issues are cnly of moderate importance at this time in
ihfluencing the adoption and use of earth-sheltered structures, they can
be very important in terms of their impact on society. Policymakers can
elevate the current importance of these issues hy predicating any
siupport for earth-sheltering on the societal outcomes likely to result
from the widespread utilization of this technology. Specific issues of
importance include the effect of earth-sheltering on housing density
within the community; potential impacts on urban form, neighborhood
concept, and the image of the city; thz energy implications of using
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energy-efficient, earth-sheltered structures, possible changes in the
existing building industry; and the societal impacts arising from any
poiicy initiatives taken to encourage earth-sheltering. This last issue

is of particular importance because of the direct role played by'

government policies 1in causing these impacts, which include the
acceleration of the community-wide effects described previously, plus
the possible encouragement of dif-.rent rates of involvement and
adoption among different segments of society.

6.1.3. Potential Issues for Non-Residential, Earth-Sheltered
Structures ‘

While the primary focus of this report is on issues associated with
the adoption and use of earth-sheltered residences, a brief word is in
order on those issues that may arise in conjunction with commercial,
institutional, or other non-residential, earth-covered buildings. Those
issues ideritified in our study as important for earth-covered residences
were examined for their potential significance in the non-residential
arena. The findings of this very preliminary analysis are presented
below. Issues that di¢ not arise in the <course of our
residence-focused study are not treated here, but further analysis is
called for in order to identify any uniquely non-residential issues that
may be expected to accompany that type of construction.

As in the residential sector, issues related to the desire to use
earth-sheltered structures are expected to be most important in affect-
ing the adoption and use of this type of building for non-residential
purposes. Soundness of investment is likely to be the most critical
consideration here, but aesthetics, comfort/livability, and possibly
safety are also likely to be important.

Issues related to the ability to purchase earth-sheltered struc-
tures, among the most important in the residential sector, are expected
to be much less significint for non-residential buildings. These issues
are not likely to be at all important where only natural hazard mitiga-
tion and fallout protection 1ire provided. where a laevel of blast
protection is provided comparable to that offered by'crisis-upgradable
residences, the issue of availability of mortgage money may then assume
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moderate importance due to the higher construction costs that may be
engendered by a need for additional materials and labor. Most of the
other issues in this area are not expected to be relevant since there is
currently a great deal of contractor, designer, and lender experience
with massive concrete and steel construction for commercial, institu-
tional, and other non-residential purposes.

Several issues related to community-wide effects of using earth-
sheltered structures should be moderately important from a societal
perspective. The issues of disaster protection and public access to
earth-shelters in case of disaster should both be significant because of
the potential for this type of building to provide public protection in
times of crisis. Changes in the image of the city are also a possibil-
ity, but only if the designs of non-residential earth-shelters are
substantially different from those currently used in this field. The
impacts of any government policies on various segments of society must
also be considered.

Issues related to construction are expected to be among the least
important, with only the financing of construction loans and, less
likely, the issues of building regulations and industry innovation
showing any potential for significant impact. Also of minor importance
are issues related to the use of earth-shelters. In this category, only
emergency use and possibiy resale are expected to be genuine issues.
6.2. ISSUES ASSOCIATED WITH THE ADOPTION AND USE OF CRISIS-UPGRADABLE

EARTH-SHELTERED RESIDENCES

Crisis-upgradable, earth-sheltered structures are resistant to
peacet ime hazards without modificaticn and can also be upgraged in a
relatively short time to withstand a weapons-induced overpressure of one
to two atmospheres. This section will deal with those institutional
issues that are expected to be important in influencing the adoption and
use of this type of structure. Virtually all of tne issues identifieu
as important in conjunction with hazard-mitigating earth-shelters will
also be important here; however, only those issues that are significant
in notably different ways or whose importance is unique to this area
will pe discussed below.
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6.2.1 Mcst Important Issues

-

Table 7 lists those issues judged to be important relative to the
adoption and use of crisis-upgradable earth-shelters. Five specific
issues emerge as most important. Two of these are issues related to the
desire to use earth-sheltered structures; one i< an issue related to the
ability to purchase this type of structure; and two are issues related
to the use of earth-shelters,

6.2.1.1 Issues Related to the Desire to Use Earth-Sheltered Residences

Safety. This issue, particularly as it relates to fire safety and
indoor air quality, has been mentioned over the years in the earth-
shelter literature but was not identified by our panel of experts as
being especially important in influencing a potential consumer's
decision to buy a typical earth-covered residence. In the case of
¢risis-upgradable earth-shelters, however, the issue of safety in the
event of nuclear war is likely to be a significant one to those
individuals willing to spend extra for this type of structure. Still,
the lack of importance attributed to safety by our experts indicates
that this segment of the market may be relatively small.

Response to preparation for nuclear war. Because crisis-upgradable

earth-sheitered residences are clearly designed to provide protection
against the effects of nuclear war, an important issue for prospective
adopters will be their response to preparation for such an eventuality.
For some, the idea of planning for future safety in the event of war
will stimulate a positive emotional response but, for many others, the
direct connection between crisis-upgradatle buildings and war is likely
to stimulate an avoidance reaction to this type of structure.

6.2.1.2. Issue Related .0 the Ability to Purchase Earth-Sheltered
Residences

This issue wus discussed earlier as very important to the adoption
of hazard-mitigating earth-shelters. It is expected to be even more
important for crisis-upgradable structures because of the higher costs
required for their construction.
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TABLE 8. Important Institutional Issues Associated with the
Adoption and Use of Crisis-Upgradable Earth-Sheltered
Residences?

MOST IMPORTANT ISSUES

Issues Related to the Desire to Use Earth-Sheltered Residences

© Safety
© Response to Preparation ior Nuclear War

Issues Related to the Ability to Purchase Earth-Sheltereq Residences
© Availability of Mortgage Money at Attractive Rates‘

Issues Related to the Use of Earth-Sheltered Residences
© Need for Access to Specialized Equipment (or Large Numbers of

People) and Equipment to Allow Crisis Use
© Emergency Use of Earth-Sheltered Strucutres

" MODERATELY IMPORTANT ISSUES

Issues Related to the Community-Wide Effects of Using Earth-Sheltered
Residences

© Disaster Protection ‘

© Public Access to Earth-Sheltered Structures in Case of Disaster

© Societal Impacts Arising from Policy Initiative- to Stimulate
Earth-Sheltering

3The issues identified here are expected to be important specifically

because of the crisis-upgradable nature of the structures under
consideration. Those issues identified in Table 3.2 as important
in the adoption of more conventional earth-sheltered structures are
likewise expected to be important here.
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5.2.1.3 Issues Related to the Use of Earth-Sheltered Residences

In order to upgrade the kind of earth-sheltered structure described
in Section 4 so that it will provide blast protection, substantial
amounts of concrete and earth will have to be moved into position in
front of the exposed south wall. This will ‘require access to
earth-moving equipment of the kind nct generally kept by homeowners, or
the availability of large numbers of strong pecple to move the materials
by hand. Once crisis-upgrading is accomplished, additional materials
(e.g., food, water, medical supplies, sewage facilities) will be needed
to allow safe and effective use by the occupants. This issue is
critical for crisis-upgradable structures because it directly affects
the ability to use this type of building for its intended purpose in
case of emergency. .

6.2.2 Moderately Important Issues

Three issues, a]llof them related to the community-wide effects. of
using earth-sheltered structures, have been identified as moderately
important in connecticn with the adoption and use of crisis-upgradable
earth-sheltered residences. While of limited importance in influencing
adoption and use, these issues can be very significant from a societal
perspective. The 1issue of disaster prctection can be significant
because of the potential benefits resulting from the availability of
crisis upgradable structures in times of emergency. The issue of public
access to earth-shelters in case of disaster is important because of the
likelihood that non-residents will seek shelter in this type of
structure in the event of an impending crisis. Societal impacts arising
from government policy initiatives to stimulate the wuse of such
structures also deserves mention here. Because of the life-and-death
implication of owning, or not owning, a crisis-upgradable unit in case
of nuclear attack, any policies that have the effect of encouraging
different levels of adoption by different socioceconomic groups would be
difficult to justify.
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6.3 ISSUES ASSOCIATED WITH THE DEVELOPMENT OF EARTH-SHELTERED
NEIGHBORHOODS OR COMMUNITIES

Important issues associated with the development of entire
earth-sheltered neigborhoods, subdivisions, or communities will include
most of those issues identified in Section 6 plus a set of additional
issues stemming from the_ ‘unique circumstances associated with
development at this scale. Those issues peculiar to earth-sheltered
development of this magnitude are listed in Table 8 and discussed
briefly below.

6.3.1 Most Important Issues ‘

Nine 1ssues are 1dentified as being most important in affecting the
adoption and use of earth-sheltered neighborhoods or communities. These
fall into fcur separate categories: issues related to the desire to use
earth-sheltered structures; issues related to the ability to purchase
earth-shelters; issues related to the construction of such structures;
and issues related to the community-wide effects of using them. “

6.3.1.1. Issues Related to the Desire to Use Earth-Sheltered
Residences

While the appearance of individual earth-sheltered buildings was

discussed earlier as influencing the adoption of this type of structure,
the issue of Gsasthetics on a neighborhood scale emerges as important
when we shift our focus from single structures to entire subdivisions or
communities. Not only is the appearance of the individual home under
consideration likely to be of significance to a potential buyer, but the
combined aesthetic appeal of all the houses and associated open spaces
for an entire block or subdivision is likely to influence the decision
to buy. The related subject of "neighborhood concept" and "changes in
the image of the city" will be discussed later in this section under

community-wide issues.
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TABLE 9. Important Institutional Issues Associated with the
Development of Earth-Sheltered Neighborhoods or Communities*

.
v
-
b
<

~fals

MOST IMPORTANT ISSUES

Issues Related to the Desire to Use Earth-Sheltered Residences

© Aesthetics

Issues Related to the Ability to Purchase Earth-Sheltered Residences

© Availability of Mortage Money at Attractive Rates
© Ability of Earth-Sheltered Neighborhoods/Communities tu Reduce Costs

Issues Related to the Construction of Earth-Sheltered Residences

© Financing of Construction Loans
© Difficulty in Building Neighborhood/Community as Planned

Issues Related to the Community-wide Effects of Using Earth-Sheltered
Residences

Housing Density

Urban Form

Neighborhood Concept

Changes in the Image of the City

edvo0oo0

MODERATELY IMPORTANT ISSUES

A 3 R

Issues Related to the Construction of Earth-Sheltered Residences

A F
]

-
(3

© land Use Regulations
© Limited Experience of Planners and Regulators
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qThe issues identified here are expected to be important specifically
because of the neighborhood/community scale of the development under
consideration. Those issues identified in Table 3.2. as important in
the adoption of individual edarth-sheltered structures are likewise
expected to be important here.
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6.3.1.2 Issues Related to the Ability to Purchase Earth-Sheltered
Residences

Availability of mortgage money at attractive rates. Once more this

jssue emerges as among the most important for adoption. It is mentioned
here to point out that if an earth-sheltered structure is part of an
entire neighborhood or community of similar structures, this is likely
to be a factor in the decision of the lending institution reviewing the
potential buyer's loan application. , |
Ability of earth-sheltered neighborhoods/communities to reduce

costs. There are a number of ways in which building earth-sheltered
dwellings at the neighborhood or community scale can help reduce total
costs. Land costs per unit can be less than for more conventional
units because of the potential for building at higher densities (Section
6.3.1.4). Construction costs can also be controlled when building at
this scale by distributing management expenses and other fixed costs
over a large number of units. In all these ways, the development of
earth-sheltered buildings on a large scale can result in lower costs for
potential consumers.

6.3.1.3 Issues Retated to the Construction of Earth-Sheltered
Kesidences
Financing of construction loans. Obtaining construction loans is

extremely important for prospective builders and developers, yet
financing may be difficult to arrange because of ‘the financial
community's current lack of experience with earth-she]tered‘bui]dings
and neighborhoods (Sterling, Aiken, and Carmody, 1980). this issue is
expected to to be especially important at this scale because of the
large amounts of money that will be needed to develop entire
earth-sheltered subdivisions and communities. '
Difficulty in building neighborhoocd/community as planned. Once the
decision has bee made to build on the neighborhood or commurity scale, a

developer may still encounter problems in implementing his or her plan,
The need for good south-facing slopes, where passive-solar elevational
designs are used, may present difficulties, as might the need to protect
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solar access on a large scale (Jaffee and Erley, 1979). Another
potential problem arises where the developer sells lots to individual
builders or owners wishing to construct their own residences. In such a
case, there may be difficulties 1in assuring that earth-sheltered
buildings compatible with the rest of the development are actually
built. |

6.3.1.4 Issues Related to the Community-Wide Effects of Using Earth-

Sheltered Residences
The 1ssues of housing density, urban form, neighborhood concept,

and image of the city are considered extremely important at this scale

of development for two reasons. First, when earth-sheltered structures

are placed in entire neighborhoods or communities, these issues can play
a significant role in influencing the desire of individual consumers to
use this-type of building. Secondly, the potential for community-wide
impacts becomes much more obvious at this. scale, so the argument for
considering them important should be more compelling despite our
original orientation toward issues affecting adoption and use.

Housing density. In practice, earth-sheltered dwellings have

frequently been located on large lots in suburban or rural locations.
In theory, however, earth-covered construction offers the possibility of
placing dwelling units at higher-than-average residential densities in
single-family and some kinds of multi-family developments without
adverse community effects {(Moreland, 1975, 1983). This is possible
because of the greater visual privacy and sound insulation offered by
earth-shelters, the fact that less surface space is required per unit,
and the opportunity afforded by earth-covered structures for building on
steep slopes (Thorsen and Rue, 1980) and other normally undesirable
lots.

Urban form. In addition to allowing higher residential densities,
the widespread use of earth-sheltered structures could also lead to
other mcdificatic~s in urban form. Because the greatest part of an
earth-sheltered structure is locatad beneath the surface, the
opportunity for muitiple uses within the same development 1is much
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greater with earth-sheltered than with conventional construction. Open
space and residential uses can both be optimized (Sterling, Aiken, and
Carmody, 1980; Wells, 1976), and historic structures can be preserved by
placing new development underground (Fairhurst, 1976). Mixed land uses
may be acceptable in earth-sheitered developments, because of the
natural sound and site buffers provided. Finally, the higher densities
allowed through earth-sheltering can encourage greater public use of
mass transit and reduce the demand for local streets and highways
(Barker, 1980).

Neighborhood concept. It has been suggested that the greater
privacy afforded by earth-sheltered development can erode residents'

“sense of neighborhood" by reducing visual contact between neighboring
structures and lots. Opportunities for interaction and the ability to
"keep an eye" on neighbors' properties can diminish. If the conesion of
neighborhoods does, in fact, decline, the importance of the town center
may increase correspondingly to help fill residents' need for community.
It can also be posited, however, that neighborliness could actually
increase through the provision of common open areas atop houses and in
yards that promote a stronger sense of shared neighborhood space.
Changes in the image of the city. Without the prominent house

profiles associated with conventional . aboveground construction,
earth-sheltered communities may become less "imageable" (Lynch, 1960},
presenting a weaker and less impressive image of the city for its
occupants. On the other hand, it is also possible that the greater
emphasis on natural contours and vegetation that is likely to accompany
extensive earth-sheltered development could strengthen the city's image,
particularly in areas with striking natural features that could be
blunted by more conventional construction practices. At the same time,
by burying our housing units, the visual announcement of status

differentials among houses and neighborhoods may be reduced.
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6.3.2 Moderately Important Issues

Two issues related to the construction of earth-sheltered
residences are considered moderately important in terms of the
development of earth-sheltered neighborhoods or communities. Land use
regulations were mentioned earlier as a potential‘ barrier to the
construction of individual earth-sheltered structures, but they are
cited again in this context because of the difference in scale. The
second issue of interest 1is the limited experience of planners and
regulators, particularly at this large scale, which can result in a lack
of positive guidance to builders and developers and a limited
willingness to approve this kind of development.

In this section we have discussed a broad range of important
institutional issues associated with the adoption and ‘use of’
earth-sheltered structures, focusing primarily on those issues
influencing adoption and use but also pointing out the societal S
implications of earth-sheltering. in the next section, potential policy
options will be examined that can be used to address the issues
highlighted here.
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7. POLICY OPTIONS FOR EARTH-SHELTERING

The identification and evaluation of policy options or instruments
are conventionally guided by a number of critical factors including the
goals, objectives, or desired outcomes of the sponsor, the feasibility
of implementing the option, and the anticipated direct impacts of imple-
mentation. In the present case, where the generic goal is to encourage
private sector adoption of earth-sheltered (Eﬁ) residence, an additional
evaluative criterion is the ability of the option to enhance adoption.
Foliowing an elaboration on useful criteria for evaluating policy alter-
natives, this section sequentially identifies, evaluates and charac-
terizes those policy options and associated implementation programs that
appear to be most promising in terms of achieving the three cbmponent
goals of an ES residence adoption program {i.e., encourage the private
sector adoption of hazard-mitigating ES residences; encourage the pri-
vate sector adoption of crisis-upgradable residences; and encourage the
development of entire ES neighborhoods and communities).

7.1 CRITERIA FOR EVALUATING POLICY OPTIONS

Selection of appropriate policy options should be based on the
simultaneous consider.tion of multiple criteria. One policy instrument
might be favored solely in terms of one criterion but score poorly on
other, equally important criteria; in such a case this policy option
would not be nominated as one for further consideration unless feasible
ways exist to mitigate or ameliorate its scoring poorly on the other

criteria.

7.1.1 Institutional Issue or Barrier

As noted in the previous section there are a number of insti-
tutional issues that appear to present barriers of varying degrees of
importance to the realization of the goals of an ES residence adnption
program. Clearly it is important to select policy optinns that address
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the most serious of these barriers to the adoption of ES residences. At
the same time, care must be taken to ensure that a policy mechanism that
may successfully address one barrier does not aggravate others.
Althcugh the key institutional issues have already been identified (see
Section 6), it is important here to note that as we move from the
most conservative to the most radical goal (i.e., from the adoption of
hazard-mitigating ES residences to the development of ES neighborhoods
or communities), the number of important or moderately important
institutional issues or barriers increases substantially.. In the former
case, issues related to the desire to use ES residences and the ability
to purchase ES residences are deemed most  important; in the case of
developing ES neighbcrhoods or communities, these issues are joined by
issues related to the construction of ES neighborhoods and the
community-wide effects of such development. It is also important to
note that the range of important issues is extremely diverse,. limiting
the effectiveness of any single policy option. For instance, a single
policy instrument cannot simultaneously ensure the availability of
suitably trained and equipped contractors and guarantee the soundness of
one's investment in ES residences. Both concerns need to be addressed
but no single instrument is capacle of resolving both issues.

The Qinnowing of institut.onal issues found in Section 6 helps in
the identification and evaluation ¢f policy options in a dual sense. It
limits and prioritizes issues for which policy options need to be iden-
tified and, more importantly, it provides a substantive context for the
design of policy options. Thus, in Sections 7.3 through 7.5 we con-
centrate our attention on policy options addressing the most important
jssues related to each of the three programmatic goals and do not iden-
ti1fy policy options for less important issues.

7.1.2 Apility to Enhance Adoption

Since the generic goal i3 to enhance the adoption of ES residences
it is important to develop policy instruments that meet this goal.
Thus, the policy instruments should be sensitive to those features of
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adoption and diffusion processes (noted .n Section 5) that appear to be
related to successful adoption:

(1) early and comprehensive identification and segmentatinn of the
the market;

(2) use of existing information and communications networks
appropriate to the different stages of the adoption
process;

(3) development of innovation supply capabilities or of the in-

- novation delivery system;

(4) development of policy initiatives and strategies that address
specific institutional issues or barriers (see Section 7.2.1)
in specific segments of the market at specific times in the
adoption process; and

(5) introduction and maintenance of ongoing evaluations of the

~ success or failure of the policy instrument, to identify
appropriate medifications.

While the diffusion literature at present offers no general models
that can be used to guide the developrent of appropriate policy instru-
ments for ES residence adopticn (for the reasons identified in Section
5), the design of measures based on these five principles will strongly
influence the potential success of any adoption program.

7.1.3 Feasibiliiy of Policy Implemcntation

The eventual selection of policy instruments should also be
constrained by the feasibility of their implementation. Recent research
regarding policy implementation indicates that policy and program imple-
mentation is a very complex process wfth multiple opportunities for
failure (Mazmanian and Sabatier, 1981; Mann, 1982, Ingram and Mann,
1980; Pressman and Wildavsky, 1973; Bardach, 1977; and Jones, 1975).
This literature also identifies a fairly consistent set of variables
explaining why implementation fails or succeeds. Mazmanian and
Sabatier, for i.stance, specify three generic factors that affect
implementation - the tfactability of the problem; the ability of the
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decision or other policy output to structure the impliementation process
favorably; and the effect of various political and economic variables on
shpport for program objectives. Others concentrate on the importance of
identifying, early on, all of the affected interests and their stakes
and structuring the program or policy to take these interests into
account, particularly if one or more of these interests cin effectively
veto or sabotage the entire 2ffort (Lowi, 1975; Carnes, 1982). Yet
other evaluation frameworks indicates that options should be based on
factors such as cost, their administrative complexity, and their flexi-
bility,

This literature in general, then, tells us that policy instruments
should be selected on the basis of their ability to address tractable
problems, demand the support of multiple and occasionally competing con-
stituencies, and be cognizant of existing and projected dominant social,
political, and economic values in society. They should enjoy the
support of potential adopters and innovators (particularly within the
innovation delivery system--contractors, lenders, developers, and
requlators), and <hould address those segments of society most likely to
innovate and lead others toward the adoption of ES residences.

7.1.4 Impacts of Implementing Policy Options

Policy options should also be selected on the basis of the ing'rect
impacts of their implementation., If, for example, two policy instru-
ments are likely to result in equivaient levels of ES residence adoption
(i.e., the direct impact) and be equally feasible in terms of implemen-
tation, the option should be chosen that results in the most favorable
and least unfavorable indirect impacts.

The kinds of indirect impacts that can result from policy or
program implementation are varied. [t is useful to categorize them
according to the substance of the impact (e.q., economic, environmental,
social and politicai), the recipient of the impact (e.q., geoqraphic

reqion, and class or group of individuals), and the expected time frame




85

of the impact (e.g., immediate, midterm, and long term). For instance,
it has been suggested that policymakers should be sensitive to and eva-
Juate the economic and institutional impacts of a major ES adoption ini-
tiative on the local building industry in various regions of the
country. Some regions and their conventional housing industries might
be better able to innovate and market ES residences than others, and
some might be adversely impacted by such an initiative, leading to other
economic and political problems (Morony, 1983). A tax credit policy
option, to take another example, may implicitly target middle- and
upper- middle-class individuals and families and lead to a perception by
those less fortunate that they are expendable in time of natural hazard
or man-made crisis, even if other elements of a comprehensive civil
defense program attend to their protection; it may well be that
differential perceptions of tne quality of protection (e.g., being in a
single-family residence rather than an institutional protective

structure or being relocated) may lead to feelings of inequitable

treatment and result in significant socfetal impacts.

7.1.5 Scoring by Panel of Experts

An important part of the research performed in this study involved
an evaluation of various policy instruments by a panel of experts (see
Iisting in Apperdix D). While these experts were not asked to evaluate
these instruments in light of all of the criteria noted here, they were

asked to fdentify those policy options that were the most likely to be

successful in encouraging the adoption and use of ES housing. This
evaluation served as a check upon our own evaluation and acted as an
important input in our subsequent analyses.

7.1.6 Composite Scores of Policy Suitability

The foregoing crituria, taken together, provide a mechanism for
evaluating a diverse range of policy options. Table 9 summarizes these
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TABLE 10. Criteria for Evaluating ES Policy Options

Institutional Issues or Barrier Addresses

Most ‘mportant and Moderately Important Issues (See‘Tables 6-8)

Ability of Policy to Enhance Adoption

Degree of Market Segmentation

Use of Existing Networks

Development of Delivery System Infrastructure
Specificity of Issue or Barrier Addressed
Cpportunity for Policy Revision

Feasinhility of Policy Implementation

Tractability of the Problem

Ability to Structure Implementation
Compatability with Existing Values and Practices
Stakeholder Groups/Implementing Groups
Implementation Complexity and (vst

Direct and Indirect Impacts of Policy Implementation

Substance of Policy Impact
Recipient of Policy Impact
Time Frame of Policy Impact
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criteria. As can be'seen, these criteria are often interactive. The
conventional home building industry, for example, would likely be a key
actor in the ES residence adoption process and would occupy a variety of
roles. It is one of the most important segments of the existing
" infrastructure essential to the adoption process, particularly in terms
of its ability to enter and sustain a position in the market; it
certainly could be impacted differentially by alternative policy
options; and it would undoubtedly play a key role in developing policy
ortions and help to structure that policy's imp lementation.

The remainder of this section sequentially identifies and discusses
those policy options that are judged to be most promising in terms of
achieving the three component goals of an ES residence adoption program.
These options have been culled from the original comprehensive listing
of policy options evaluated by our expert panel (see Table 10).
Further, for each programmatic goal, only those options that address the
most important institutional issues or barrier (see Tables 6-8) are
jdentified and discussed. |

7.2 POLICIES TO ENHANCE ADOPTION OF HAZARD-MITIGATING EARTH-SHELTERED
‘ RESIDENCES '

It has previously been noted that the most important institutional
issues or barriers associated with the adoption of hazard-mitigating
earth-sheltered residences are related to the desire to use and the
ability to purchase such structures. More specific issues within these
broad categories include the real or perceived livability and aesthet-
tics of ES residences and tnhe availability of sufficient mortgage money
at attractive rates to allow potential buyers to adopt ES residences.

It was generally agreed by our panel of experts that, from among
the lengthy list of potential policy options, education and financial
incentives were the policy programs most likely to be successful in
. enhancing the adoption of ES residences. Within these two broad
programs, specific instruments need to be developed tnat are compatible
with the evaluative criteria previously established.
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Table 11. Complete Listing Of Potential Policy Options
To Encourage the Adoption and Use of Earth-
Sheltered Residences

1. Educate all Sectors of Society about Earth-Sheltered Residences

a) Edugate the public concerning the advantaces of earth-sheltering
(1)

b) Construct demonstration facilities for hands-on experience with
earth-sheltered structures (I)

c) Educate builders concerning the competitive advantage offered
by large-scale construction with minimum management costs and
profits per unit (11,111}

d) Educate public in earth -neltered construction techniques in
order to encourage owner-built structures ana the reduction of
front-end costs (I11)

e} Educate financial community on advantages of earth-sheltering
(111)

f) Develop public education programs on proper maintenance and

ventilation (IV)

) Compile and disseminate resale information (V)

) Disseminate information on the use and availability of earth-

sheltered structures for disaster protection(V)

Educate local planning boards on advantages and organization of

underground space (V) :

—
~

2. Enhance the Skills of Builders and Regulators in the Area of
Earth-Sheltered Construction

a) Develop programs to retool builders and regulators (II)
b) Distribute "certified" builder training programs (III)

3., Utilize the Taxing Power to Increase the Attractiveness of the
Earth-Sheltered Option

a) Subsidize contractors through tax credits (11)

b) Encourage “do-it-yourself" construction through tax credits to
individuals and/or builders (1II)

¢) Subsidize buyers through income tax credits (II1)

d) Increase taxes on conventional fuels (1V)

e) Pass preferential property tax rates {[V)

dNumbers in parentheses indicate the [nstitutional Issues which
the policy options addresss, where [ is the desire to use ES
structures, [l is related to the construction of ES structures,
[Il is the ability to purchase ES structures, IV is the use of ES
structures, and Y is the community-wide effects of using ES structures.




89

Table 11 (continued)

4.

Promote the Development of Building Standards and Regulations
that will Encourage the Further Use of Earth-Sheltering

a) Establish earth-shelter safety and comfort standards (1)

b) Extend model building codes and HUD Minimum Property Standards
(11) :

c) Develop licensing requirements for builders and trainers (II)

d) Promulgate stringent energy-use standards for all structures (V)

Promote Land Use Planning and Regulation that will Encourage
Earth-Sheltering

a) Create model earth-sheltered land use controls (II)

b) Dev?lop and disseminate model solar access protection measures
(1v

¢) Encourage community designs that optimize neighborhood
cohesiveness (1Y)

d) Encourage inclusion of underground space in community
development plans (V)

e) Develop model plans for earth-sheltered neighborhoods (V)

f) Encourage greater urban density (V)

g) Pass stricter environmental controls for above-ground buildings (V)

h} Require Environmental Impact Statement for large development
projects (V)

llse the Direct Expenditure of Government Funds to Stimulate
the Increased Use of Earth-Sheitered Residences

a) Build government facilities, including public housing, on ES
basis (I,V)
b) Build earth-sheltered residences for sale or lease to private

users (1)

¢) Purchase naterials in bulk for resale to individual builders
in order to minimize cost (I1II)

d) Provide direct subsidies for occupants agreeing to share their
earth-sheltered dwellings in case of emergency (V)

e) Provi ‘e grants to communities for useful facilities that would
deoubi. as shelters (V)

Increase the Amount of Monev Available for Loans on Earth-Sheltered
Residences at Attractive Rates

) Provide low-interest, assumable loans to promote resale (I & III)
) Expand Toan insurance programs ([I])

} Providr construction ltoans (il)

) Establish loan insurance prngrams for construction loans (II)

e} Encourage purchase of earth-sheltered mortgages on secondary
market (I11)

a
b
C
d

B & - S LN

lr-rI'Arl. -‘ -.

I b
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Table 11 (continued)

8.

9.

Assure the Availability of Attractive Insurance Policies for
Earth-Sheltered Residences

a) Provide insurance to cover construction-period liability (II)
b) Encourage preferential insurance policies for building owners (IV)

Assure the Availability of Building Materials, Techniques, and
Plans for High-Quality, Cost-Effective Earth-Sheltered Residences

a) Aid developers in design refinements (I)

b) Sponsor research and development to facilitate earth- she]tered
construction (II)

¢) Develop and disceminate proven standardized plans for earth-
sheltered structures (Il & III)
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7.2.1 Education

There was general agreement that many segments of the public need
to be educated about ES residences before any expeditious, effective,
and efficient penetration of the market can occur. These include the
general public as the nominal consumers and, equally important, members
of those institutions that affect the provision or supply of housing -
builders, planners, the financial community, and real estate firms,
among otiers. |

To the extent that consumers, or potential consumers, are even
aware of ES housing, they are believed to be most .concerned about the
livability and aesthetics of ES housing as well as the soundness of an
investment in such unconventional housing. Moreover, they'appear_to be
relatively unaware of limited existing policies permitting or
encouraging the purchase of ES housing, such as the Oepartment of
Housing and Urban Development's (HUD's) instruction to field offices to
look for ways to approve earth-sheltered structures rather than to turn
them down (Morony, 1982).

Educating the public about the livability and aesthetics of uncon-
ventional housing, such as ES, will not be easy. One of our experts
noted that consumers need to see, to feel, and to get hands-on
experience before they will be convinced that ES housing is suitable for
them (Thomas, 1982). Thomas recommended support for demonstration homes
at events such as state fairs where tours and visits would impart first-
hand experience with ES housing. In addition to such demonstrations,
plans of existing ES homes that are livable and aesthetically pleasing
might be disseminated through existing networks (e.g., home builders
associations, real estate firms and associations), and other plans might
ta davelnped and tested for eventual dissemination ({e.g., Tennessee
Valley Authority's "Solar Homes for the Valley". It is important in
this case .o develop plans that would be attractive to those segments of
the market most likely to innovate - the young and well-educated who are
fairly well off but who are also likely to have limited investment capi-
tal. Some of our experts noted that educating potential customers about
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the hazard-mitigating features of an ES house might actually have an
adverse effect in terms of enhancing adoption, presumably because of the
negative connotations some people may have about taking positive action
to mitigate the effects of disasters, both natural and man-made
(Courville, 1982; Roessner, 1982; Sterling, 1982). It should be noted

bt e that the dissemination of such information might be useful in some
gj' regions that are prone to particular types of disasters (e.g., tornadoes
é?j: in the Midwest), as an element of an overali education program, however,
'f.fj'.‘ .

such inrormation may be counterproductive.

-
'l

Educating the public regarding the soundness of an investment in ES

?ﬁj housing is also likely to be difficult. While a national ES housing
é&fi loan data bank (Sterling, 1982) would be somewhat useful in this regard,
L there is a good chance that consumers wi.l be more sensitive tn ES
B housing activity in their particular region. They may reguire assurance
E;J that their homes will be marketable to others like ihem in their area

(RN
PP

and may not be convinced by the marketability of ES housing in other
regions. Local and regional ES housing loan data banks, including

- .-
A

.
B

St

»

information on loans, house sales, resales, appraisals, and time on the

;é? market might help to alleviate the concerns of ‘potential consumers
f;: regarding the soundness of an investment in ES housing. Such programs
e might be modeled on the existing efforts at the University of
e Minnesota's Underground Space Center.

Eii In addition to educating the potential consumer, it is important to
Eﬁi educate persons in the relevant infrastructure. Ou-* panel of experts

generally agreed that the financial community, architects, builders and
developers, planners, appraisers, and real estate firms need to be edu-
cated about ES housing and how its cevelopment would affect and could be
affected by their institutions and actions. It should be acknowledged
that governmental leverage over these institutions is somewhat limited.

. % a4 2 & £ € &
. .&,.‘ ,.‘,.,_‘,‘.‘,,J,..g‘
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In tne the interest of using existing institutional networks, perhaps

4

:ﬁ they should develop their own education programs with technical
ﬁg assistance, whei . needed, from appropriate governmental agencies (e.g.,
‘E HUD, the Department of Energy, and FEMA). Builders, for instance, might
gg wish to support such programs co that their efforts have a better chance
o

i

(]
-

a




o
«
s

------------------------
...........

ettt et AL ORI SN e R I P L I IR T RS TV AR Tl YotV RSt Sufh S e’ e Sl S

™
»

Gt
.
]

a P
besiso
,

”

"’

A
NN

93

k]
P
ALAS

hY

of being productive in terms of actual sales. The financial community
might educate its loan officers about ES housing attributes normally

s
4

xS
%;% omitted from the loan decision-making process, such as energy costs and,
P;% ip the current case, the hazard-mitigating (and thus, cost-avoidance)
h elements of ES construction.

;ﬁ;é Educational programs are relatively easy to dasign and imp lement .
?:E Although there is not a likely role for state and local governments
§53 (Mosena, 1982), both the federal government and trade associations have

a stake in enhanced adoption and have substantial experience with educa-
tion programs to influence consumer decisions. Targeting such programs
toward the home buying public and toward the supply infrastructure would

" likely be more productive tham 3 generalized nationwide publicity cam-
paign. Such programs would include providing sufficient demonstration
units to allow hands-on experience for those perceiving earth-shelters
° as dank, dark, and depressing ("like caves") and disseminating plans of
aesthetically pleasing and livable ES ﬁouses and information related to
the existing and projected costs and resale opportunities of ES houses.
Plans might be developed and tested for ES homes of variable cost and
size so that, in spite of higher initial first costs, they might be
available to a broader segment of the home buying public. The direct
and indirect impacts of educational programs are likely to be relatively

:3 _ benign. While the direct impacts of education, taken alone, may not be
:? : substantial in terms of enhancing adoption, adoption is not likely to
i} work without education. The most significant indirect impacts are
;: likely to be twofold: the opportunity costs of such a program and the

" potential perception held by nonadopters that the allocation of
‘ governmeht funds for such a program is unwise at best and discriminatory
at worst, In the latter case, it would be especially important to
demonstrate that the federal government has active programs for pro-
tecting non-ES residence adopters from the ravages of natural hazards.
Education programs could be implemented in a relatively short time
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period (3-6 months) and have long as well as short-term effects.
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7.2.2. Financial Incentives

There was also general agreement among our experts that, given the
high costs of ES housing and the depressed condition of the home
building and buying industry, it is important to provide financial
incentives for consumers and the supply infrastructures to invest in ES
housing. Specific policy instruments include the provision of income
tax credits and/or deductions for consumers, low interest assumable
loans for cohsumers, construction loans, loan insurance programs and
purchase of ES mortgages on the secondary markets.

Tax credits or deductions are the most obvious incentives and
already exist at the federal level for active solar and conservation
(Energy Tax Act of 1978, P.L. 95-618) and in some states for diverse
applications. This option clearly addresses a major institutional
barrier, is relatively easy to administer as a generic policy instru-
ment, and, depending on its size, could result in sudstantial adoption
of ES nousing. Tax credits or deductions have the further advantage of
targeting the exact audience under consideration, the home buyer, whose
aggregate actions could lead to increased demands for ES housing; [t
might also be expected that a tax credit or deduction would lead to the
development of a more active infrastructure that would advertise the
availability of the tax credit or deduction and promote increased
demand. '

One possible problem with the use of tax credits or deductions is

the determination of what expenditures should properly qualify. Snould
they include all of the incremental costs of earth sheltering or merely
the incremental costs of providing hazard-mitigating elements to the
earth-sheltered residence? Once a general policy is made with respect
to that issue, it would be necessary to determine how specific criteria
should be established and who should establish them. For instance,
should there be regional variation for the criteria (i.e., the federal
government would probably no: wish to induce the adoption of
tornado-resistant ES homes that are potentially dangerous in flood-prone
areas)? State and local governments, however, might be able to resolve
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this regional variation problem through more site-specific tax credit or "
deduction programs. What absolute maximum credit or deduction might be -
allowed so as to optimize penetration and not, at the same time, appear
to reward some socioeconomic groups at the expense of others?

S IMMRE L  PN

An additional potential problem with the use of tax ‘credits or »
deductions is that it would reduce governmental revenues at a time of ?
significant budget deficits. This faccor, alone, might make a tax ;
credit an unlikely or infeasible policy option at this time. E

Loan programs have traditionally not worked as effectively as cre- g
dits or deductions in enhancing adoption (RUPI, 1977}, but they may iold :f
a greater‘attraction for ES home market penetration under current con- :Q
ditions. Although earth-sheltered buildings are specifically included
as a solar energy system qualifying for the loan program set up under ,E
the Solar Energy and Energy Conservation Act of 1980 (P.L. 96-294), ;

 current authorizations and appropriations by Congress are. substantially 3
below those initially authorized for appropriation. The Department of :z
Housing and Urban Deveiopment, which administers the Solar Energy and ;g
Energy Conservation Bank, made $30.4 million available in financial 7
assistance throughout the country for FY 1983, compared with the $1.025 .ﬁ
billion authorized by Congress for tnis year in 1980. Egqually impor- 57
tant, under the original law, ioans for solar energy systems applica- ‘ Ez
tions, including earth-sheltering, were to constitute a wminority of 'f
total program expenditures (i.e., 33 percent in FY 1981; 24 percent in :;
FY 1982; and 22 percent in FY 1983). In short, if a new loan program _;'
were to be established for ES residences it would likely require more ' PN
significant funding than currentl; exists, a stronger presence in the f%
Solar Energy and Energy (Conservation Bank, or both. ‘ C;

Prior experience indicates that lcans are expensive to administer fﬂ
fof relativeiy low-cost items; in the case of more expensive purchases E:
such as ES homes the per unit cost of the loan should be less and would ;
make the loan option more attractive. As with tax Eredits or deduc- :
tions, it would still be necessary to determine what proportion of the E

costs would be avaiiable for the subsidized loan and to design a loan =
program that would be equitable in its impacts. In the latter case it

' aay




might be possible to tailor loans for particular s5ize and cost of unit,
including smaller, low-cost homes, to avoid or minimize the equity
problem. |

Ancther financial incentive might e the provision of loan money to
the home building and construction industries. This option would be
targeted more tightly, and yet cost savings could be passed on to the
eventual consumer. . Moreover, it would be possibie to stipdlate that
loans would be made for a specified nmunber of homes of predetermined
size and cost. In short, construction loans could facilitate the deve-
lopment of an important part of the infrastructure, could be structured
to achieve predetermined objectives (e.g., peretrate particular segments
of the overall and regional markets), and could be relatively easily
refined as the effectiveness of the option is demonstrated or as new
objectives emerge. The ohviou§ disadvantage of construction loans is
the appeararce of pork barrel for a parti-ular industry, even whern the
benefits might actually accrue throughout society.

Finally, finarriai incentives might be offered through government-
financed lnan insurance programs, like VA, FHA, and FMHA, and secondary
mortgage market programs such as FNMA and FHIMC. Already, the FHA has
instructed field offices to encourage ES housing (Morony, 1982). Such
"instructions® may be perceived as infors ! and for greater ES penetra-
tion may require the implementation of quantitative gnals, quotas, or
other incentives. In the secondary mortgaqge market, FNMA has no policy
on ES structures, per se, but there is 4 concern with their appraisal
and marketability in case of foreclosure., The federal cinarter of FNMA
requires that all mortgiges purchased be generally acceptable on the
commercial mortgage market (Burshein, 1982). FHLMC, aiso a federally.
chartered private corporation with responsibility to its stockholaers,
cannot cnange its hasic poliries without explicit changes in  its
charter. Amendments to existing charters or their interpretation for
secondary mortgage market entities may be needed to allow preferential
treatment to emerging technologies such as earth-sheltering or the

establishment of a specific secondary mirket entaicy within the Solar
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Energy and Energy Conservaticn Bank (Refger. 1381). One of the chief
disadvantages with changes in the federai governments' Joan insurance
and secundary mortgage market institutions is the opportunity cost
associated with such a change, particularly in a tight lcan market;
special programs fer earth-sheltering could draw moerey away from other
needy areas such as low-income family assistance or urban housing
programs. Special programs favoring earth-sheitered home loans would
also be difficult to impiement for some of the agencies, such FNMA which
purchases its mortgages f{n an auction process.

7.3 POLICIES TO ENHANCE ADOPTION OF CRISIS-UPGRADABLE, EARTH-
SHELTERED RESIDENCES ' _

The education and financial incentives palicy options identified
for enhuncing the adoptioﬂ of hazard-mitigating ES residences are also
applicable, with some modification, for crisis-upgradable ES residences.
There are ﬁome'addiiional options, however, that may be necessary to
respond to the most important institutional issues or be}riers for
crisis-upgradable E£S residences as identified fin Sect. 6.3, esoecially
those fssues related to the crisis-upgrading process and the emergency
use of ES residences during times of crisis. S o

Many of the same kinds of educational programs and policies iden-
tified in Sect., 7.2.1 are applicable fur crisis-upgradable €S
residences. As in the case of hazard-mitigating elements of ¢ES
structures, some of our experts noted that eduéatinq the public about
the benefits of crisis-upgradable ES residences in the event of a
man-made disaster (e.g., nuclear war) could have a chilling effect on
the market and reduce rather than enhance the adoption of such
structures (Sterling, 1982; Roessner, 1982; Courville, 1982). Given the
nat ionwide demand for protection against nuclear war and the geographic
constraints on €5 residences generaslly and crisis-upgradable (S
residences in particular [(Moruny, 1982), educatiﬁg the public about
crisis-upgradable €S residences could be prublematic from an equity
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perspective unless those constrained from using the ES option are
informed about equivalent protective actions being taken in their
regard. Educating the homeowner about how to share his residence with
strangers as well as neighburs would be particularly difficult.
Financial incentives will be particularly important for the
adoption of crisis-upgradabie £S residences, because of their
substantial incremental cost; Many of the same instruments identified
as potentially wuseful for hazard-mitigating ES residences may be
appropriate here, with the same caveats. Equity concerns are again most
problematic and would require substantial attention during the design of
the policy option. For that reason, carefully designed and regulated
loans to the construction industry may L2 the most successful of the

- financial incentives options.

It will also be important to develop policy instruments to guaran-
tee access to resources both for the crisis-upgrading process itself and
for the effective use of crisis-upgradable residences during the time of
crisis. Although it 1{s 1likely beyond the scope of the federal
government to make such guarantees, it cou.d play a significant role in
assisting state and local govermments in their efforts to make such
guarantees.

The crisis-upgrading process, as currently characterized, would
reguire the implacement of some additioral columns and lintels within
the structure and the movement of materials (e.g., earth and concrete)
to protect areas exposed to potential blast. The procurement and
storage of columns and lintels, the storage and maintenance of
earth-moving equipment and gasoline for emergency use, and/or the
assigrnment of municipal staff to move earth manually during time of
emergency may well be within the emergency powers of state and local
governments. The ability of local governments, however, to absorb such
planning, capital, and operating costs may not exist uniformly. The
federal and state qovernments might offer technical and financial

assistance to local governments ewmbarking on such ventures,




The provision of resources for the effective wuse of
crisis-upgradable residences in the event of Icrisis may be even more
problematic. Resources that would be necessary minimally include food,
water, sewage, and medical supplies. Procuring, storing, and
maintaining resources over potentially long periods of time and
transporting them to ES residences at the time of crisis is clearly
beyond the responsibility of the homeowner and, given substantial
deployment of ES housing, could be beyond the fiscal and institutional
capabilities of local governments. Again, the federal government might
provide technical and financial assistance (e.g., in the form of bulk
procurement of food and medical supplies passed on to local governments)
while leaving the design and implementation of ;actual resource delivery

systems to local governments. {

7.4 POLICIES TO ENHANCE THF DEVELOPMENT OF EMTH SHELTERED
NEIGHBORHOODS AND COMMUNITIES

Education and financial incentives may ajlso be important policy
options to encourage the development of j ES neighborhoods and
communities. It may also be important to alter fland use regulations and
ordinances to allow greater housing density thadj is normally the case.

Educational programs would likely addréss the aesthetics of
earth-sheltered neighborhoods and communities de would deal with the
issues of urban form, neighborhood and the indge of the city. Since
little information on such large-scale develom@nt currently exists, it
would be important to design, test, and disseminate plans for such
developments (Sterling, 1982). The development of such a program would
not be easy and straightforward; it would have to valicate the
possibility of demand for such a development| and characterize that
demand in terms of likely ownership paaﬁerns.% regional location, and
housing mix. Working through existing u'esidn centers such as the
University of Minnesota's Underground Space Center or %lahoma State
University's School of Architecture and with éxisting infrastructure,
the federal government might sponsor a demnitration proi. “vpe that
would both educate and allow for ongoing : institutional recearch
(Lambright, 1982). This option might, however, be identified with

i
i
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pork barrel and shou:id, thus, likely be awarded on a competitive basis.
It is also possible that if such a prototype is associated with disaster
protection and is seen as benefitting a relatively privileged segment of
society, charges of inequity might be made.

Financial incentives are also important for the development of ES
neighborhoods and connhnities, but in different ways than for the other
two programatic goals. The risk in this case is much greater for the.
builder/developer and potentially scmewhat less for the individual
homebuyer. The cost of an individual unit could be somewhat less in a
neighborhood or community development project for reasons of economies

. of scale and, potentially, less land area per unit (assuming tue

permission of grester housing density). For builders and developers
(and the financial community), the costs and risks are greater absent a
guaranteed demand for the units. For this reason it may be particularly

"important to target Joan money toward those inst tutions involved in

construction of the ES development. Given the higher cost of ES
housing, it may still be important to make mortgage money available at
attractive rates to individual consumers through government - subsidized
and guaranteed loans. .

One of the premises of an ES neighborhood or community may be the
ability of the builder and developer to site a greater number of units
per acre than is allowed by existing regulation. Revision of this
requlation by local govermnments may be justified on the grounds of the
greater land use efficiency of earth-sheitering, While wholesale
revisions of land use regulations are no. easy to obtain and may, in
fact, be perceived as a threat by many vested interests in a locale,
applications for earth-shelitered planned unit developments.(PUD's) may
be acceptable in many areas if they are professionally developed and are
sensitive to local inputs.

7.5 SUMMARY

The foreqgoing discussion has identified and briefly evaluated a
number of options to encourage the adoption of hazard-mitigating and
crisis-upgradable ES residences and the development of ES neighborhoods

or communities. This evaluation, based on a consideration of several
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generic criteria (i.e., institutional issue addressed, ability to
enhance adoption, feasibility of implementation, and policy impacts) and
the results of a survey of a panel of experts, indicates that education
and financial incentives are the policy options most likely to lead to
increased adoption of ES residences. It has been suggested that the
design of particular policy instruments should be guided by cognizant
institutions and that special attention should be paid to equity
consideraticis, particuiarly with respect to pottential disaste
protection. The policy options outlined in this section require
additional specification 'and‘ analysis so that their feasibility and
effectiveness can be better anticipated. The next section addresses
what kinds of public and private sector groups would likely be involved
in implementing these various options.
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8. MAJOR ACTORS IN POLICY IMPLEMENTATION

In order to ensure effective implementation of public policies to
encourage earth-sheltering, it 1is imortant for any agency or
organizatior. taking the lead role in this endeavor to identify all the
majcr actors to be involved and to achieve willing and active
participation by these parties. The identification of major actors and
their involvement in the implementation process should be initiated as
early as possible, preferably during the policy development stage when
general parties at interest become apparent but before specific policy

measures have been chosen. It is expected that all levels of governmentl

as well as the private sector can make significant contributions to the
policy design and implementation processes, but special attention is

_ given to the federal role because of the broad range of poweré availablc

at this level. Assuming the federal government chooses to play a lead
role as policy initiator, the cooperaticn of other major actors can be
ensured by convincing them that the encouragement of increased use of
earth-sheltered residences will be mutually advantageous, by providing
incentives such as subsidies to make their participation more
attractive, by promulgating rules and regulations to mandate their
involvement, or by some combination of these. In the remainder of this
section, the potential role of each major actor in implementing the most
promising policy options identified in Chapter 4 (e.g., education and
financial incentives) will be discussed.

8.1 FEDERAL ROLE

The role of the federal government in stimulating the adoption and
use of earth-sheltered residences is potentially very important. In
terms of subject matter, federal interest in the areas of housing,
energy, and public safety are well established. In terms of power to
act, the federal establishment has the authority and the means (though
the latter are bdecoming increasingly strained) to directly provide
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educational services and financial assistance to prospective earth-
sheltered consumers and suppliers. Federal agencies also have a great
deal of leverage to influence the actions taken by state and local
governments as well as by the private sector. This ability to guide the
activities of others is particularly important in light of admonitions
in the earth-sheltered literature to utilize existing networks and
institutions, where possible, that are appropriaté to the different
stages of the adoption process. Fi.ally the federal government is in a
strong position to monitor the societal implications of various policies
and see that inequitable outcomes are avoided.

In the field of education, federal agencies can build demonstration
units, both on an individual and possibly a block or small subdivision
scale, to help familiarize the home-buying public and the building
industry with this technology. The federal government can also fund the
development and testing of plans for such buildings and communities and
disseminate this information, directly or through existing private
sector networks of marketing, trade, and professional associations.
Assistance to developers, lenders, and other important segments of the
"supply-side* infrastructure can also be proffered. A national earth-
sheltered loan/data bank can be established, or financial and technical
assistance provided to establish a number of such entities at the state
or regional level. To enhance the potential of earth-sheltered
structures for use in time of crisis, aid can be given to Jocal
governments to allow these units of government to assist earth-sheltered
occupants with crisis-upgrading and shelter usage, if needed.

Turning to financial incentives, the federal establishment is once
more we!l-equibped to act. The federal level is the most appropriate
for the provision of income tax credits and deductions, although massive
deficits make this option less feasible at this time than may have been
the case in previous years. Loan assistance to potential consumers can
be provided through a well-funded Solar Energy and Enerqgy Conservationn
Bank or similar institution but, once more, budgetary constraints may
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inhibit the immegiate use of this option. Construction and development
loans, very imertant both for individual residences and iarger scale
develnpments, coL]d also be backed by the federal government although,
again, better fi%ca] conditions are probably a necessary pre-condition.
Private sector fiinancing can be stimulated through a concerted federal
effort to tailo% the policies of federal loan insurance programs and
secondary mortgége market entities to favor loans on earth-sheltered
residences. To belp adopters of crisis-upgradable residences use their
unit optimally in the event of crisis, federal agencies could offer
financial assisténce to local governments that would then provide the

necessary support, such as the provision of earth-movers.

8.2 STATE ROLE °

Much fewer Fpsources, both financial and technical, are available
at this level for the implementation of policies aimed at increasing the
use of earth-shéitered structures. The states do generally have a good
understanding, tﬁough, of housing needs and building conditions within
the state. : _

One promisihg state educational action would be to establish a
state loan/data jbank at the statewide or sub-state level to inform
potential buyersi builders, and lenders concerning the soundnrass of an
earth-sheltered fnvestment. Other possibilities include the development
of plans for earth-sheltered houses, the actual construction of
demonstration units, and the provis on of technical assistance to local
governments on crisis-upgrading and shelter use, but these may require
resources that ~are currently beyond the means of many state
governments.

In the area of financial assistance, those states with a p:rsonal
income tax can provide credits for purchasers of earth-sheltered
residences, but the fiscal drawbacks cited earlier for the federal
government would be at least as germane here. A more likely state
activity is to disseminate federal money provided by the Solar Energy
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and Energy Conservation Bank as currently structured, but. the amounts
available are currently too small to have a wide-spread effect. A final
state role may be to use the familiarity with its own territaory to help
the federal government determine where to target federal assistance
programs. ‘

8.3 LOCAL GOVERNMENT ROLE

Local government agents traditionaily deal with builders and
developers directly in such matters as the issuance of building permits
and the review of conformity with various land use regulations. Because
of this ongoing contact, local officials have a good understanding of
the needs of local developers and a unique opportunity to informally
educate the building industry concerning the advantages of
earth-sheltering and how one can go about entering the field. Local
governments may also have the opportunity to encourage the shared use of
earth-sheltered houses during crises through wmore focused local
education programs. |

The ability to provide direct financial assistance is extremely
limited among local governments, but these units can channel federal
resources that will allow crisis-upgrading and crisis-use by the
occupants of earth-sheltered structures. As with the state, local
governments can also use their unique knowledge of their own
jurisdictions to help the federal government determine where, and at
what level of funding, other financial assistance programs are needed.

8.4 PRIVATE SECTOR ROLE

Like the federal government, the private sector is expected to play
an extremely significant role in stimulating the adoption and use of
earth-sheltered structures. Major actors of importance in this sector
include builders and developers, architects and designers, building
suppliers, financial institutions, real estate firms and appraisers, and
trade and professional associations. The importance of these players,
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who together compose the building supply-side infrastructure, stems from
their crucial role in providing those structures demanded by the public.
In order to change the type of building which these actors design,
finance, and erect, new ways of doing business will have to be
communicated to this complex network. This can be accomplished by
government policies and programs which attempt to have an impact on
crucial behaviors, as discussed above, as well as by the efforts of xey
actors changing things from within, which is the focus of this section.
In the area of education, the private sector shares a dominant role with
the federal government. Earlier, it was suggested that the private
sector can use its internal communication networks to disseminate
information produced at the federal level, In addition, the major
private sector trade and professional associations can develop their own
materials on earth-sheltered specifications, advantages, and "how-tocg"
targeted at their own peers as well as the home-buying public. The
ongoing éducational efforts of these groups - like conferences,
workshop, publications, and building shows - are ideally suited for the
distribution of such informational materials to. the appropriate
audiences. Demonstration units could also be provided as a "hands-on"
educational aid. ‘

The primary private sector actors in the provision of financial
incentives are expected to be lending institutions and private mortgage
insurors and secondary mortgage buyers. Lending institutions area
capable, if properly motivated, of making large amounts of money
available for earth-sheltered loans to builders and home-buyers, either
by developing new formulas to determine borrower eligibility that take
energy costs into account or by simply establishing preferentiai
approval policies for this type of loan. In order for this to occur,
however, lenders will have to be strongly convinced of the profitability
of these transactions, possibly through the provision of government
subsidies. As for private mortgage purchasers and loan insurors, their
endorsement of earth-sheltered residences would be helpful but pursuing
this is nct likely to be as fruitful as focusing on large government
loan insurors like FHA or federally chartered, secondary moftgage market
entities 1like FNMA.
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From the foregoing discussion, the important role of both the
federal government and the private sector in stimulating the adoption
and use of earth-sheltered residences becomes apparent.‘ Further
narrowing and refinement by interested agencies c¢f the policy options

discussed here and an in-depth examination of similar efforts is’

required to allow final identification of the specific actors needed and
their individual roles. The last section will summarize the most
important issues and options presented in this report and will briefly
discuss those steps that can be taken by government entities interested
in policy selection and implementation.
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9. CONCLUSIONS AND RECOMMENDATIONS
9.1 TECHNICAL CONSIDERATIONS

Earth-sheltered housing, which has become popular in recent years
for energy conservation, offers the potential for the production of a
great deal of fallout shelter space. Ouring prosperous years, the
housing industry may construct as many as two million units. If these
were earth-sheltered structures of average size, at the present standard
of 10 square feet per space, each unit could provide on the order of 100
fallout shelter spaces. In theory, at least, space for the entire
population of the United States could be constructed each year. Even a
small fraction of this potential, realized year after year for several
years, could make a very significant addition to the nation's inventory
of fallout protection.

Earth-sheltered structures with earth-covered roofs give fallout
protection greatly superior to conventional frame dwellings and superior
to the basements of frame dwellings. With relatively inexpensive
modfications and careful attention to the design, earth-sheltered
residences can provide very high-grade fallout protection over much of
their floor area. With design modifications, they provide very high
protection from a very wide variety of natural disasters.

For some additional expense, an earth-sheltered residence can be
modified at no loss of floor area or function to be upgradable in a few
days to resist one to two atmospheres of blast overpressure. Carrying
out this operation in a crisis involves the movement of many tons of.
earth,‘ but much less than for conventional! structures. Either
excavation equipment or a large labor force would be required.

Many examples of very attractive earth-sheltered residences exist.
It has been amply demonstrated that they can be designed and constructed
to have very pleasing interior environments and exterior appearance.

Given general acceptance of the concept, not now established, the
largest problem preventing widespread adoption of earth-sheitered
housing is that it costs from 20-40% more than comparable aboveground,

PRV I 2 ]

L] 1 SRR -3 SN P

- i

PP 0 PR IR IEIN | I WP AP A SRS @ § N & L)

r

N & RSy

-

Ry

seda




P e R S i ¢ et @

]
A
N

2T A XA 0NN 4

Taa

. BEREET . Pe

e e e eha v a8 e S .

......

110

conventional frame housing. This cost can bo partially ofiset by the
energy savings inherent in good earth-sheltered housing design.
Properly designed, such homes can save 20-60% of the energy used even by
well-designed frame nouses. The energy costs make the life-cycle cost of

earth-sheltered residences more nearly competitive with conventional

frame construction. The 1.fe-cycle cost of a home 1is forcefully
appareht to the owner in his combined monthly mortgage payment and
utility bilis. '

Housing developments of earth-sheltered, single-family residences

‘offer the potential of reduced lot sizes and, hence, reduced land costs

over what would be required for aboveground construction.. In high-cost
suburban areas, *he saving in land cost may amount to a significant

© fraction of the total cost of the home.

Recent very high mortgage rates (14-16%) have amplificd the effect
of the cost disadvantage of earth-sheltered housing on the relative
monthly costs. A decline of mortgage rates to more traditional levels
would ameliorate this disadvantage. _

Modern technologies of concrete construction, particularly the use
of reusable, modular, metal concrete forms and portahle staffolding, can
further erode the cost disadvantage of earth-sheltered structures. The
materials cost of a concrete structure is not markedly different from
that of a frame structure. Much of the extra cost is the: labor and
materials in the single-use, custom wood forming; which is comparable tc
the labor and materials required for frame construction.

9.2 INSTITUTIONAL CONSIDERATIONS

The identification of policy options to realize the hazard-
mitigation potential of earth-sheltered structures has relied on the
conjunction of diverse literatures, including diffusion of innovation,
policy implementation, eartn-shelt2ring and impact assessment. It has
further depended on an identification and evaluation of institutional
issues of barriers viewed by a panel of experts as most problematic to
the adoption and use cf earth-sheltered structures. Fol]owing‘a summary
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of these issues and those policy options appearing to offer the most
promise for the rapid diffusion of carth-sheltered structures, a brief
outline of a potential implementation analysis process is offered.

9.2.1 Most Important Institutional Issues

in Chapter 6 a number of important issues were identified in con-
Jjunction with the adoption and use of hazard-mitigating earth-sheltered
‘structures and crisis-upgradable earth-shelters, and the development of
entire earth-sheltered neighborhoods or communities. Those issues with
the greatest likelihood of having a substantial effect on adoption and
use at this time and requiring a timely response to stimulate
utiiization were classified s “most important.* Other issues, while
significant for adoption and use, are expected to have less of an
immediate effect and require less intervention and were labelled
"moderately important.” Our prioritization of issues reflects this
study's primary focus on those issues influencing the adoption and ﬁse
of earth-sheltered structures as opposed to those societal issues
resulting from such adoption.

‘ From this perspective, the most important {-sues associated with
hazard-mitigaiing earth-shelters fall into two categories, issues
related to the desire to use those structures ind issues related to the
ability to purchase them, In the first category, the issues of
Jivability, aesthetics, and soundness of investment are most crucial; in
the second, the critical issues are the availability of suitable trained
and equipped contractors and the availability of mortgage money at
attractive rates, Mcderately important issues are much more numerous,
numbering eighteen in all from four of our five malor categories {See
Table 3.2), and include the issues of conformity to a socially accepted
irige, innovation in the construction wdustry, financing of con-
struction loans, access to {(and egress from) the structure, and societal
impacts arising from policy initiatives taken to stimulate earthe

sheliering.
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The most important issues associated with crisis-upgradable
earth-sheltered structures, in addition to those identified above and
(which also apply here), fall into three basic categories. Vital issues
related to the desire to use this type of structure relate to safety and
the response to preparations for nuclear war. The availability'of
mortgage money is the one critical issue from among those related to the
ability ‘o purchase. Under issues related to the use of these
structures, the need for access to specialized equipment (or  large
numbers of people) to allow crisis use is singled out, as is the issue
of emergency use. There are also two moderately important issues both
related to the community-wide effects of wusing crisis-upgradable

" earth-sheltered structures.

Turning to those issues associated with the deveicoment of
earth-sheltered neighborhoods or communities, a total of nine are
identified as most important. Under issues related ty the des.re to use
earth-sheitered structures, neighborhood aesthetics s extremely
significant, The availability of mortgage monéy and the ability of
earth-sheltered neighborhoods and communities to reduce costs are both
critical issues related to the purchase of earth-shelters. The most
important issues related to construction are two, the financing of
construction loans and the difficulty in building an entire neighborhood

" or community as planned. Finally, there are four vital issues related
to the community-wide effects of the adoption of earth-sheltered
structures; these are the issues of housing density, urban form, neigh-
borhood concept, and changes in the image of the city. Moderately
important issues are those of land use regulations and the limited
experience of planners and regulators, both related to the construction
of earth-sheltered buildings.

It should be noted again that the preceding prioritization of

f‘ isques reflects a strong interest in those factors that can influence
f, adoption and use, From a soctretal perspective, nowever, issues stemming
;,f from the widespread adoption of earth-snheltered structures and from
" 3

b O those policy initiatives taken to encourage it may be substantially more
. .

Ffj important than indicated here,
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9.2.2 Most Promising Policy Options

‘rom the cumprehensive list of policy options considered initially
(see Table 4.2), a number of specific policy options have been
identified as offering the most promise for addressing the goals of an
earth-sheltered structure adoption program. This selection was based on
an evaluation by a panel of experts and on the option's ability to score
favorably on a number of evaiuative criteria.

" Education and financial incentives appear -to be the most promising
policy options for each of the component goals. Educational programs
may need to be targeted to potential adopters (i.e., home buyers) and to

critical elemenis in the infrastructure (e.g., the financial community,

builders and developers, gppraisers. and real estate firms). The
substance of the educational programs may vary somewhat,’depending on
which goal {s being addressed, but common elements might include
verification of the livability and 3esthetics of hazard-mitigating,
earth-sheltered structures and information regarding financial
considerations, including the existing availability of Jloan money and
resale opportunities. Such a program might include the development,
validation and dissemination of housing plans, the dissemination of
financial information, and actual demonstrations of such facilities for
those potential adopters requiring personal experience with earth-
sheltered structures.

Among the financial ~incentives considered, tax credits or
deductions, low-interest, assumable loans, and construction loans are
considered to be the most viable options. Among these, construction
loans mignt be favored in terms cf ease of administration. It will be
important to ensure that, whatever financial incentives are selected,
these policies do not inequitably impact different popuiation sigments.
This is particularly the case when the prugram deals witn the provision
of protection from potential natural or man-made hazards or crises,

For crisis-upgradabie structures it may alsc be important to assist
in the provision of resources for upgrading (e.g., materials, equipment,
labor) and for the use of such strcutures in the event of crisis (e.g.,

food, water, and medical supplies). While local gover.wnents might
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assume the lead responsibility for planning and implementing the
provision of such resources, the federal and state governments might
assist through‘bulk procurement policies.

Finally, in addition to education and financial incentives for the
development of earth-sheltered neighborhoods and communities, it may be
useful for local governments to revise existing land use regulations to
allow greater housing density. This would allow reductions in unit cost
and an enhanced ability to develop integrated community or neighbarhood
housing plans. '

9.3 FUTURE RESEARCH NEEDS

9.3.1 Technical Requirements

9.3.1.1 Hazard Mitigating Design Development

This study has explored only one design of a hazard-mitigating
earth-sheltered residence. Other designs and floor plans should be
developed. In particular, an earth-sheltered structure of the atrium
type should be studied for crisis-upgrading potential.

The all-important factor of c¢nst reduction needs further work.
Designs tailored for the use of reusable modular forms should be
developed.

9.3.1.2 Field Test of Hazard-Mitigating Features

Crisis-upgradable designs should be field-tested in ONA-sponsored
blast tests. In particular, means to protect the exposed wall in
elevational designs must be tested. Other areas of uncertainty are
egress closures, especially in the skylites, and ventilation intakes.

9.3.1.3 Cooperative Test Building

Practical experience with actual construction of hazard-mitigating
designs must be acquired. Real-world problems with cost, and getting a
contractor to produce a satisfactory structure with some unconventional
features at an acceptable price must be experienced. The experience
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might be acquired at lowest cost to the government through cooperative
agreement with a prospective home owner who wants a hazard-mitigating or
crisis-upyradable earth-sheltered residence. An agreement might be
sought where in exchange for plans and advice, the owner would permit
photo-documentation of construction and share cost information.
Ideally, this activity should be continuing and iterative, with prabiems

. encountered in one design addressed in the next.

9.3.1.4 Earth-Sheltered Housing Development

There is an almost total lack of experience with earth-sheltered
communities or housing developments in the United States. It would be
very desirable to find out if the cost savings posited ’for earth-
sheltered communities throUgh seri&] production and higher housing
density can be achieved.

9.3.2 Policy Implementation Analysis

It seems clear that definite dpportunities exist to enﬁance ‘the
adoption and use of hazard-mitigating, earth-sheltered housing. ’rior
to the formal enunciation and implementation of such policies, however,
it is important to analyse potential policy options in considerably
greater detail than was allowed in this effort. Such an analysis would
permit a careful structuring of the implementation process and increase
the probability of favorable and intended program impacts. An imple-
mentation analysis would address and resolve a number of concerns, each
of which is dealt with briefly below.

9.3.2.1 Selection of Policy Options

The ultimate selection of policy options should be guided by the
following considerations:
Final specification and clarificacion of program goals. Successful

implementation depends substantially on the particular goals and
objectives that are meant to be achieved. Whit are the relative
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priorities of an earth-shelter adoption program--to saving energy,
conserving land, or mitigating the impacts of potential disasters?
Identification of target audience. What is the target audience and

where do they reside? Regional deployment objectives and their scale
would be critical to the final design of educational or financial
incentive policy options. These objectives are clearly policy questions
(i.e., beyond the scope of objective analysis) that must be factored in
the formulation of .olicy options.

~ Cost benefit «nalysis of potential options. The options presented
in this analysis could be implemented at varying costs, depending on the

scale of the objective to be achieved. A detailed cost analysis of the
options, accompanied by projections of potential market penetratid%,
would facilitate the final design of policy options. ,
Policy impact mitigation analysis. If cost-effective policies
result in the introduction of significant unintended adverse effects, it

may be possible to design cost-effective ways to mitigate these
effects. '
Consider other options. Other non-earth-sheltered and/or

non-residential earth-sheltered policy options may address and achieve
policy cbjectives more effectively, efficiently and expeditiously.
Roessner (1982), Morony (1982), Mosena (1982), Sterling (1982), and Labs
(1982) all had scme guestions regarding the goals of a hazard-or crisis-
mitigating, residential, earth-shelter structure adcption program,
particularly with respect to its ability to yield significant protectioh
in a «cost or socially productive fashion. Some felt that
earth-sheltered commercicl or institutional buildings would offer
greater protection more easily than residential applications; others
favored relocation over sheltering as a general, c¢risis-mitigating
strategy. In short, the effectiveness of an earth-sheltered residential
option needs to be compared with other options, including a mix of
residential with commercic] and institutional.
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Selection of specific programs. Whatever policies are ultimately
selected, specific prograns will need to be designed so that a
structured implementation can occur. These programs would likely have
multiple components, each achieving some part of the overall policy
objective. '

9.3.2.2 Refinement of Chosen Policies

Once a preferred policy or set of policies is chosen and a

preliminary identification of specific programs to allow implementation

is made, a process of refinement is likely to be required. Based on
past experiences with the implementation of similar policies, a thorough
examination of the institutional! realities involved, and a good measure
of creative thinking, detailed programs appropriate to the case at hand
should be designed. In order to maximize the feasibility of the
measures that are ultimately designed, this design process should be
carried out by the lead agency in close consultétion with those actors
identified as most likely to be involved in implementation.

9.3.2.3 Final Identification of Major Actors

Once policies and detailed programs to encourage the adoption and
use of earth-sheltered structures are developed, a final identification
can be made of those actors best equipped to manage different aspects of
implementation. A preliminary listing of potential actors would be made
much earlier, but at this later time sufficient program details shouid
be available to allow a final choice of all major participants. As Qith
the previous tasks, this task should be completed through an examination
of past experience with similar situations and an analysis of the
current institutional and organization milieu.

9.3.2.4 Identification of Necessary Resources for Implementation -

With a detajled understanding of the specific policies and programs

to be implemented and the cast of actors responsible, the lead agency
can identify those resources that will be reguired to accomplish the
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desired goals. Necessary commitments of staff, time, money, and
materials must all be known, to the extent possible, in order to assure
that the desired policy measures can be carried out as planned.

Performance of the implementation analysis described above could be
expected to greatly enhance chances for successful implementation of
policies intended to increase .the adoption and use of earth-sheltered
structures. Although the various stages of the proposed analysis are
présented sequentially, it is expected that it will actually be carried
out in an iterative fashion, with the information received from each
step used to update the findings from others and to allow mid-course
corrections as the likely effects of‘various policy decisions become
apparent, With an effective analysis leading to well-planned and
carefully implemented policies and programs, a substantial step will
have been taken tuward increasing the rate of adoption and use of
earth-sheltered structures in a marnner that would maximize the benefits
of this technology and minimize any adverse consecuences.
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category, agpptropriate seismic specifications and seissic
qualification.
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I. BOOKS
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1. Bxperienpce
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Fages. [ 1978.) H¥ole Publishing Co.,Rt. 1, Box 618,
Ecnners Perry, Idaho. $6. '
KEYNORDS: lesign; Cost.

Fcy.R.L., Underground Houses: How to Build a low Cost
Hcme. 128 pages. { 1973 '

KEIWORDS: Design; Cost; Plamning. |

ABSTRACT: A description of the process the author used in
buillding bis honme. ‘

2. Ploor Plan ®"Proven"™ Desiqn

Abhreps, D., Blliscon, T., Sterling, R., Earth Sheltered
Bcmes, Plans apd Tesigns. vanNostrand Reinhold, $£9.95
128 pages. [ 1981 '
KEIWCRDS: Designs; Hoaes; Details.

ABSTRACT: An update of the Underground Space Center's 1978
manual (by Ray Sterling) "“Earth Sheltered Housing Design",
It has a greater variety of designs, guidelines, examples
and references.

EVALUATION: A valuable update of an iaportant work, for
roth homeowner and architect,

Chalmers, L. S§., Jones, J. A., Homes in the Earth .
[ 1980.] Design Concept Associates. $9.95

KERIWORDS: Earth-Sheltered; Undergrouand; Designs; Design
Ccncept Associates.

ABSTRACT: A compendiua of earth~-sheltered housing (40
erasples). Authore give readers permission to use the
degigns under their ovn responsibility.

EVALOATICN: Excellent drawings.

¥ells,M., Onderground Designs. 87 pages. [ 1977
KEIWORDS: Design; Site; Codes; Waterproofing: Insulation.
ABSTKACT: Plans and 170 illustration of 18 of Wells'
underground desigus.
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1. BOOKS
E. | Public Policy
?
4., Iapact Assessaent
-===-----, Pederal Incentives for Sclar Hoaes: An

Assessment of Prograam Optioas [ 1977.] Cambridge, HA:
ROFI, Inc.

|
Fipsterbusch,K., Wolf,C.P., eds, Methodology of Social
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1. BOOKS
F. General Treataent

eceeecs, Earth Sheltered Residential Design Manuval. [
1981..] HOD/Underground Space Center, Uaniv. H4inn.
REYWOBDS: Design; Comnstruztion.

Baum,G.T., Boer,A.J., MacIntosh,J.C.Jdr., Earth Shelter
BHandbook. 224 pages. [ 1980.] 9TIri/Arch. Associates,
#ilvaukee: Tech/Data Publications($12.93)

KEYWORDS: Design; Sketches; anvironsental Impact; Codes;
Expansive Clay; Structure.

ABSTRACT: A primer for the dc-it-yocurselfer in earth
sheltered houses. Oriented toward the Great lakes region.

BVALUATICN: Primer basically fcr the ¥Do-It-Yourself™ types.

Caapbell,S., Underground House Book. 208 pages. [
1980.] Garden Way Publishing Co., Charlotte, VI., $9.95.
KEIWORDS: Design; Site Tevelopment; Cost; Lloans;
§aterproofing; Insulation.

ABSTRACT: A guide for do-it-yourselfers. Chaptsr topics
include land, finaancing,site development, heat, interior
deccration. Many dravings and diaqgraa are included.
EVALUATION: Good geperal guide for novices.

Prenette, E. R., Holthusen, 7. l.,ed., Earth Sheltering:
1he Porm of Energy and the Enerqgy of Fcra. Fergamon
Fress, $35, paperback. lib. Coag. CC NO 81-8643 245 pages.
[ 1981.] OUndergrcund Space Association

KEIWORDS: Design Competition; Residential; Coamercial;
Fesearch.

ABSTRACT: Design drawings of 51 examples of earth-sheltered
designs submitted to the 198! American Underground Space
Association's design coapetition. There were 14 avards in 4
categories - single family, non-residential, sultifamily
and research.

EVALUATIOE: Gives a fair viev of present state cf the art
as seen by professcrs c¢cf architecture.

Jcpes,C.0., Clean Air [ 1975.,] Pittsburgh: Oniv. of
Fittsburgh Press

lane, Anderson., Builders Manual on Earth Sheltered
{.opstruction. [ 1982..] Concrete Construction
tctlications.

FZINORDS: Design; Construction.

Scalise,Jd.W., Barth Integrate] Architecture. 300 pages.
[ 1975.] cCollege of Architecture, Univ. of Ariz, Teape,
‘24

FEYNORDS: Cesign.

ABSTRACT: A vorkbcok, Consists of designs from student
research and design projects on earth integrated
ar<hitecture. Emphasis on southwest climate.
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1. BQOCKS
F. Geperal Treatsment

Scctt, B. G., How to Build Your Own Underground Home: A
Coaplete Guide to Planning, Lesignimng, Building and Living
Comfortably in a Gectheramic Home. TAB Books, Blue Ridge
Susmit, PA. 256 pages. [ 1979

KEYWORDS: Lc-It-Yourself; Desiqgp; Evaluation.

Stauffer,T., Underground Utilizatiopn: A Refererce Manual
of Selected Works in 8 Volumes. [ 1978..] Dept. of
Geosciences, Univ. of Mo,Kansas City,H0., $52.50

KEYIRCRDS: Design; Construction.

ABSTRACT: A combination of many reprinted and new artlcles
cn all aspects of underground construction.

Sterling, R. Editor., PEarth Sheltered Housing Design:
Guidzlines, Exaaples and References. 310 pages. [ 1978.]
Underground Space Center, Univ. of Mina $11.00

KEYWORDS: Earth Sheltered; Underground; Design; Energy
Ccnservation; Imnsulaticn: Waterproofing; Code HRequirewents;
Zoning.

ABSTRACT: A defznxtlve exploration of all facets of earth
theltered-housingy, design snd construction. The report is
interded to assist people in the layout ard design of
earth-sheltered hcuses and covers public policy issues like
ccdes, zoning and finance. Plans and sections of 20
earth-sheltered houses are included.

EVALUATION: The mcst significant single contribution to the
literature of earth~ sheltered housing during the 70's.
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1. Technical BRepcrts.’
A. Comstruction Practice

1. Site Developsment

Means,R.B., Soil Investigatiom for Building Foumdationms.
Putlication No. 94. [ 1955.] Cklahoma Engipneering
Experiment Stationm, 0SU, Stillwater,OK.

KEYHORDS: Site Development.

Z. Structural Design

eeee-.ey Manaal for the Construction of Residential
Basesents ip Nom-coastal Plood Environs. HOD, FPederal
Insurance Adsinistratioan.

KEYVORDS: Basements; Design; Insulation; Watergroofing.

Means,R.E,, Parcher,J.V., Poundations for Small Houses in
Cklahosa. Publication No. 99. [ 1958.71 O0Oklaho=ma
Engineering Bxperiment Station, 0SU, Stillwater, OK.
KEINORDS: Design; “oundatioa.

Spears, R. E., Constracting Earth Sheltered Housing with
Concrete., 36 pages. [ Undated.] Portland Cement
Association, Building Div.

Spcnsored by: O.S.Departmeat of Housing and Ortan
Develogment. (Contract H-S 2395)

KEYWORDS: Concrete; Design.

3. Cost

Miexel,G., "Energy and Construction Costs‘of'zatth
Sheltering.® [ 1681.] sSetter, leach and
linstrom,Inc./Undergrcund Space Center. Univ. of Minnisota.

Shapira,B. B., Cristy,G.A., Bright,S.E., Yost,N.B., "Cost
and Energy cComparison Study of Above and Belowground
Dwellings® OkKNL/CON-91 [ Feb. 1983.] Oak Ridge National
latoratory
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II. Technical Repcrts.
B. Hazard Mitigation

. Structural Design

Eoyer,L.L. Ed., *"Building Design for Environamental
Hazards." HMultiprotection Design Manual. Vol. 1IV. [
Dec. 1973. ] Deiense Civil Preparedness Agency (DCPA)
Spcnsored by: DCPA/DOD, Washington,D.C.

Cristy, G. A., Bxpedient Shelter Survey, Pinal Report -
CRNL-4860 250 pages. [ July, 1973.] o0ak Ridge ¥ational
latoratory :
Spensored by: Atomic Energy Coammissicn

KEIWORDS: Expedient Shelter

Cristy, G. 1., Kearny, C. H., Expedient sShelter Handbhook.
CRN1-494 300 pages. [ Aug. 1974.] 0Oak BRidge

lational Lalboratory

Sponsored by: Energy Research and Development Agency (ERDA)
XEYWORDS: Expedient Shelter

Bcuse,C., Architectural Design Techniques for Fallout

Protection and Energy Comservation TR~-86 [ Sept.
1978.] Howard University, Schcol of Architecture and
Elanning.

Spcnsored ty: DCPA/DOD
KEYWORDS: Design; Fallcut; Enmergy Conservation.

Kimel,W.R. {Ed.), PRadiation Shielding TR-U0 [ Novw.
1966.] Xansas State University, Manhattan, KS.
Spcpnsored by: 0CD,/DOD, Washimgton, D.C.

KEIRORDS: Shielding; Falloat.

Kusmer,8.E., Sprankle,R.B., Multiprotection Design - Wind,
Grocund Motiops, Environmental. TR-20, Vol. 6 [ Dec.
1973..1 Defense Civil Preparedness Agency(DCPA)

Sgensored by: DCFA/DGD, Washington, L.C.

KEINORDS: Desiqn; Protective Cconstruction; Wind;
Earthguake; Envircnasent.

Moreland Associates, Earth Covered Buildings: An
Exploratory Analysis for Energy and Hazard Perforaance.
28¢ rages. [ 1981

Sgcnsored by: Pederal Emergency Managesent Agency (FENA)
KEYWORDS: Barth Covered Buildings; Hazard Mitigation;
Economics.

ward, D. B., Building Design for Radiation Shielding and
Thermal Efficiency. TR~-85 U4 rfages. [ Dec 1977.]
Lefense Civil Preraredness Agency (DCPA)

Spcnsoxed ty: DCPA

KEYWORDS: Fallout; Shielding; Fnergy comnservation; Desiga.
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1I. Technical Regcrts.
B. Bazard uitigation'

1. Structural Design
(CCNTIRUED)

Wright,R., Krasmer,S., Culver,C.(Eds.), Building Practices
for Disaster Mitigation BSS46 { Peb. 1973.] National
Pureau of Standards, Washington,D.C.

KEYNORLS: Disaster Mitigation; Puilding Practices

2. Upgrading Techniques

' Yapsley, R. S., Bernard, R. D., Shelter Upgrading Manual:

Key Workers Shelter 127 pages. [ May 1981.] Scientific
Services Inc.. (SSI)

Spcnsored by: Federal Emergency Managemeat Agency (FEMA)
EEYWORDS: Key Workers; Upgrade; Expedient

AESTRACT: Cne of a series being developed to support CRP.
Manual is intended for plaaners and glant perscnnel in risk
areas. Presents smethodology for evaluating basement areas
and expedient shelters. Tables and charts for closing and
shering small openings. Poraat is looseleaf. Expedient
cshelters considered: turied tanks, rail cars, storm drainms,
concrete utility vaults, fiberglass cylinders.

"EVALUATICN: Pretty sketchy bat a reascnable first cut.

Tansley, 8. S., Gabrielsen, B. L., Cugner, C. J.,

Upgrading of Existing Structures. Phase III. Shelter
Lesign Options. [ May 1981.] Scientific Services, Inc.
{S51)

sponsored by: Pederal Emergency Management Agency (FEMA)
KEYWORDS: Upgrading; CRP; Failure Prediction.

ABSTIRACT: Results of an investigation of blast upgrading of
existing shelters by developing failure prediction
methodolcgies for various structure types and verifying
these by full-scale load tests. Upgrading schemes designed
for use in support of CkP. Structure types included: woogqd,
steel, and concrete floor and roof systems. A frograa
sumsary includes charts and data for design.

EVALUOATICN: Fairly thorough but some structures were not

tested..

3. Civil Defense

eeeesesy Fallout Radiation Shielding TR-20 ({(Vol. ) [

June, 1976
Sgonsored by: DCPA/DOD, Washington, D.C.
REYWORDS: Faliout Shelter; Radiation Shielding: Civil

fefense; Design
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II. Technical Repcrts.
B. Bazard mitigation

3. Civil Defense
(CCNTINUED)

ecesesy Domestic Nuclear Shelters. Technical Guidance. A
Bome Office Guide. [ 1981.] Home 0Office (U.K.)
KEYNORDS: Design; Classification Strategy; Supglies;
Fermanent; Imfprovised

ABSIBACT: Coaprehensive guide for shelter planning ard

design. Sections on effects of nuclear weapons, design
requirements, shelter strategy and supglies. designs for
permanent and for improvised shelters.

EVALOATION: Very good

~-=-=-=-, Protective Constructioca TR-39 [ Aug. 1981.]
Federal Emergeancy Manageaent Agency (FEMA), Washington, D.
C.

KEYWORDS: Civil Defense; Protection

Rapdall,P.3d., “Damage to Conventional and Special Types of .
Residences Exposed to Nuclear Effects"™ Operation Teapot
Ercject 31.1 BT 1194 { 1961.] Civil Effects Test
Grecup, USAEC

~ Spcnsored by: Housing and Home Financing Agency; Federal

Civil Defense Agency
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II. Technical Rejcrts.
C. EInergy Re lated

1. Heat Transfer

pill,R. S., BRobimson,¥. C., Robinson,H. E., Measureament of
Beat Losses froa Slab Floors. RNMS 103 Naticnal Bureau
of Standards, Wasbingtom,D.C.

KEYNORDS: Heat Transfer; Insulation.

Kersten,N.S., Thermal Properties of Soil. vol. LIIX

No. 21 94 pages. [ June 1, 1949.] HNMinpesota Engineering
Experiment Station.

KEIRORDS: Heat Tramsfer; Insulation.

Kusoda,T., Parth Teaperatures Beneath Five Different
Surfaces. National Bureau of Staadards Report 10313. [

Fek. 1971,
KEIROBRDS: Ground Temperatures.

2. Insulation

Claesson,J., Eftring,B., Optimal Therwmal Insulation and
Grcund Heat Losses. Report by lund Institute of Techmnolagy.
[ Aug 1979.] Dept. of Mathematical Physics, Lund, Swveden
REYRORDS: Insulation; Heat Transfer

Kaplar,C.¥., Studies of Moisture Effects on Thermal
Ccnductivity of Rigid Insulation. CRREL International .
Rerort No. 207 [ 1969..]) U.S.Aray CRREL, Hanover,N.Y.
KEYWORDS: Insulation; Moisture.

Schaefer,D., Water Absorption of Ipnsulation in Protected
Memtrane Roofing Systess. CRREL Technical Note. { Jan.
19746..] U.S.Army CRREL, Hanover, N.Y.

KEYNORDS: Insulation; Moisture; Roofing.

3., Passive Solar

labs, XK., Regicnal Analysis of Ground and Aboveground
Climate for Architectural Design. [ 1981.
Spcasored by: Oak Ridge Naticonal Lab/ DOE Inncvative

Structures fFrogras.
KEINOBDS: Microclimate; Teaperature; Regioms.
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1I. Technical Regpcrts.
D. Psychological and/or Physiclogical

1. rLaylighting ?:
eeeeeey HOW to Predict Intericr Daylight Illumination.. [ -
Ondated.] libbey-Cvens-Ford Company, Toledo, Chio. .
KEYWCRDS: Caylighting; Predicting. -
Ccllins,B.1., Windows and People: A Literature Survey; :
Psychological Reaction to Epvironments with and without <
Wipdowe. 'BSS 70. vol. 70 [ June 1975.] 1HNational o
Fureau of Standards, Vashington, D.C. : o
KEYROBRDS: Daylighting; Psychological Pactors. =

. ..
Bogkinson,B.G., Architectural Physics: Lighting. [ 1963.) t
E#SC, londca. ‘ -

KEYNOBDS: faylighting.

It
-
l.

2. Acceptatility

----=~, Potential Use of Underground Space. '  Vol. 1 75
Fages. [ Feb. 1975.] Dept of Civil and Nineral
Ingineering, Univ. of #®inn ’

Rele * al.
o

A

' Spcnsored by: Oniversity of NMinmescta. o
v KEYWORDS: Undergrcund Space; Use. Z
! , cee===, Prelisinary Design Information for Underground 5
N Space Vol.2 { Aug. 1975.] Department of Civil and T
" fire.al Engineering, Univ. of HMina. -
N Spcnsored by: University of ¥innesota. o
: FEYWORDS: Design; Underground Space. :

, -
! Bergman, M., 7The Potertial for Underground Industrial, F

J Ccamercial and Stcrage Pacilities in Winnesota. 183 "o
i fages. [ Ondated.) Undergrcund Space Center, Univ. of 2
4 Mirn. -
: KEYWORDS: OUndergrcund Storage; Underground Comsercial; Use. ;
<+
1 Lutz, P. W., Lynch, P. D., Lutz, S. B., ABO Revisited: An ks

Evajuation cf the ABO Flementary Schcol and Pallout o
Shelter. g 1-30. { June, 1972.] Defense Civil .
Freparedness Agency {DCFa) : 7y

‘ Spcunsored ty: DCPA )
: KEYWORDS: School; Evaluation; fFsychological E2ffects; VWevw o
{ rexico. -

ABSTRACT: The first underground school in the world was NS
cpened ip 1963 at Artesia, Nev Nexico. The effects of {j
operating undergrcund for a period of nine years were A
studied. 17The conclusions were that there had teen no .
detrimental effects on students or teacaers. 1The s
underqround school vas sosevhat more costly to light and ' 5

: cocl than abovegrcund schools but was better lighted and N
. cooled. It was less costly to heat. =
X EVALOATICN: Very good. -

!
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I1I. Technical Reports.

D. Psychological and/or Physiolcgical

4. Acceptalility
{CCETINUED)

Botinette,G.0., ~2lants, People, and Environmental Quality.
[ 1972.] U0.S.Dept of Interior, Mational Park Service,
ia!h'n.c.

KEINCRDS: landscaping; Site Developaent.

3. Public Folicy.

eeeeeay Legal, Economic, and Pnergy Coansiderations in the
Use of Onderground Space. NSP/RA/S-T4-002 [ Sept.
1974..] U.S.datiocnal Committee on Tunneliag Techaology.
Spcnsored by: Mational Science Foundation.

KEYWOBDS: Public Folicy; Legal Issues; Bconomic Issues;
Inergy. ‘

Eerry,L.G., Bronfsan,l.8., “Research on Nonecaoposic
Factors Relevant to the Diffusion of Solar Total Emergy
Systess™ CRU1/THN-7297 ([ 1980.] Cak Ridge ¥National
lakoratory

Carnes,S.d., Copenhaver,B2.D., Reed,J.H., et 1al,
"Incentives and the Siting of Radicactive Waste Pacilities®
CR#L-5880 [ August, 1982.) Oak Ridge Wational Laboratory

Jaffee,d., 2rby,D., Protecting Solar Access for
Fesidential Development: A Guidebook for Planaing Officials
{ 1979.] +vashington, f.C.: U.S.Governsent Printing CIrice

Sterling,R., Ailken,BR., Carmody,Jd., Rarth Sheltercd
Housing: Code, Zoning, and rinancing Issues. [ Apriil
1980.) Oniv. of Mipn. Undergrcund Space Center.

Sponsored by: U.S.Dept of Housing ané Urban Developsent.
KZYNORDS: Public Folicy; Be:lding Codes; Zoniag; FPiparccing.

4. Financing.

eeseeas, PRarth Sheltered Home financing: Anmn Introduction
for Lenders and Arpraisers, OKN1,/S0B-70513V~2 [ Sept.
1981 (Draft).] 0Oak Bidge ¥ational Llab.

Spcnsored by: U.S.Dept of Pmergy.

KZYWORDS: Fublic Folicy; Pinancing; Lend=zrs; Apgraisers.
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I1X. Techaical Eepcrts.,
B. Exasples

1. Bxperiencs

Boyer, l. 1., Gromndzik, W. T., Human Coatuort and Energy
Ccoservation in Barth Sheltered RBuildiangs. [ 1$80.]
Architectural Eztecsioan, Okla. State Oniv., Stillwater,OK.
KEEZYGORDS: Parth Coupling; Eneéergy comservation.

Grondzik, ¥. T., Johnston, T. L., Boyer, L. L., HNonitoring
cf Parth Sheltered Residences in Okla., Project Report. [

1981

Spcnsored Ly: Control Data Corporation
KZYRORDS: Ground Coupling; Monitoring
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IX. Technical Beports.
F. General Trcataent

esveesy Design and Apalysis of Earth Iategrated Buildings.
[ 1981.] Architectural Extensiom, 0SU, Stillwater, OK.
KEYNCRDS: LCesign; Analysis '

ABSTRACT: A Technical Seminar Workbcok.

Bligh, T. P., "Building Upderground™ Buildiag Systess
Design 22 rpages. [ Oct/Nov, 1976

KEIWORDS: Energy Saving; Coamaamunities; Designs

ABSTRACT: Onderground and earth-covered construction offers
sigpificant opportunity for saving enerqy, reducing
building ccsts and perserving land values. These methods
lend theaselves tc mass production techniques without
¢ndless retetition and can effect ecergy savings of 75% or

icre.

lats,K., The Architectural Use of Underground Spaces:
Issuves and Applications. 160 fages. [ 1975.]

Thesis (M.Azrch.), Wasbington Jniversity, St. Louis,HO.
KEIWORLS: Lesign, Issues; History.

ABSTIRBACT: 1lhe thesis discusses the advent of undergrouad
architecture. It covers poteatial isplications of
underground design practice, issue in design and use of
tnderground, specific probless related to
structure,regional suitability, environaeant, and
landscaping.

CONNENT: Also avalilable from Ken Labs., 147 Livingston St.
Jev Haven CT. 0651]
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11I. Articles and Ppapers.
A. Ccnstruction Practice.

1. Innovative Techniques.

esvssey WAdvertisement." PBarth Sheltered Digest aand
Enexrgy Report. No. 18 [ Now,/Dec, 1981.] 0. S. Gypsus
Betal Products Division

KREYWORDS: Products; *Bernold"; Concrete FPores; Gunite.
ABSTRACT: The “Bernold" system foras the shell and serves
as persanent reinfcrcesent. Combines punched and formed
steel with Shctcrete or Gunite. Procduced by U.S.Gypsus
Betal Prcducts Division. ‘
EVAIUATICN: Good.

esscesy MPrecast Gives Glimpse of Future." Earth
Sheltered Digest and Energy Report. No. 17 pp 46-47. {
Sept/0ct, 1981

KEYWORDS: Techkniques; Precast (oncrete; Economics; 2refab
Bcdules.

ABSTRACT: Lavid lash's masters thesis at Mass. Inst. of
Tech. ®Opportunities and limitations far the Use of Precast
Concrete in Earth Sheltered Housing"®, deals with
"Ipdustrialization of Earth Sheltering®, He gives
ferspective tc¢ the precast industry. Includes a post WWII
histcry ¢f housing in Europe and Aaserica.

EVALUATION: Worth reading

-w====, 8y Mother's House - The Walls Go Up" Mother
Farth News vel. 70 pp 106-1(08. [ July/Aug 1981

------ ¢ M"Collalorative Learns Building Skills®™ EBarth
Shelter living T[Fp 4-5. [ Sept/Oct 1982

lunde,B¥.R., “Precast %ould Make Good Walls.™ Gfarth
Sheltered Cigest ¢ Epergy Report. pp 16~-17. [ 1981
KEYINORDS: Frecast Cospcnents; Roofs; Walls.

ABSTRACT: Redesign of a residence for a Minmesota Energy
Agency grant required careful analysis of cost
effectivenes,enerqgy imgact and on-site coordination
difficulties. The material of choice for roofs in the
¥ipnesota area is wrecast concrete. A significant parket
for precast lhasement and underground walls exists but there
are no supgliers.

Nelson, J., ¥Tilt-up Done On Site®" Earth Sheltered Digest
and EFnergy EReport. No. 18 ©pp 6-9. [ Xov,/Dec, 1981
KEYWORDS: Techniques; Tilt-up; Nebraska.

ABSTRACT: Frocedure for tilt-up method is explzined in
detail., 2 crane ic required to 1lift the panels after they
have cured but all cther work can bte done manually. Costs
not zeported. Builder is James WNelssn of River Ciuy
Euilders.

EVALUATICN: Very inforsative,
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III. Articles and Papers.
A. Construction Practice.

2. Site Developsent.

Elifrits, C. D., Augenbaugh, N. B., "Geotechnical Aspects
of Site Selection and Evaluation for Earth-Sheltered Type
Hcusing.® Proceedings Underground Space Conference and
Expcsition, Kansas City, MO0 [ June 1981

KEIRORDS: Structural Frobleas; Scils

Jcpes,D. E.,JR., "The Expansive Soil Problea* UGaderground

Srace Vel. 3 No. 5 [ Mars/Apr, 1979
KEYSORDS: Structural Frobleas; Expansive Soil

%irth,T.E., "landscape Architecture Above Buildings."
Undergrcund Space ¥cl. 1 [ 1977.] Undezground Space
Association. /s Pergamon Press

KEINORDS: landscate.

3. Waterprcafing.

cecessy "Soil Consideratioas in Subgrade Waterrroofing."

Euilding Research. [ Nov/Dec 1964
KEYWORDS: Soil; Site Developament.

lane,C.A., "Waterproofing Barth Sheltered Homes." Fine
Bomebuilding. [ April/may 1981.] <Taunton Press, Newtown
c1.

KEYRORDS: Waterprcofing

McGroarty,B.M., "Waterproofing." Earth Sheltered Digest &
Enexrgy Report. Vol. 10 No. 13 [ 19€0-1981
REYNCRDS: Waterprcofing. ‘

4. Structural Design.

Punker,D, "“Designed For Deep Texas" Rodales Nev Shelter
EF 27-30. ( Jan 1982

KEYWORDS: Case study; Frank Moreland; Decatur, 1X.;
North-facing; Poured Concrete.

AESTRACT: Bouse designed by Morelacd has poured concrete
shell, 10~-ip.-thick walls. Roof is precast, prestressed
8-in. concrete planks, topped Ly ancther poured layer.
Foof has 3 in. of rigid high-density polystyrene insulation
ccvered by 3 ft of earth. The house faces north to give
tetter cooling. A 2-ton heat pusp rrovides both heating
and cooling. Cost of 2176~sq-ft house was $120,000
($55/sq-ft) including ltalian tile.

FPVALUATION: Example of use of north-facing windows.
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1XI. Articles and Papers.
A. Construction Practice.

§. Structural Design.
(CCETINUED)

met2, D., "“Heavy Loads™ Rodalefs New Shelter [ Jan
19€2.] Rodale Press

KEYWORDS: Rcof Decign; Concrete Footings; Polystyreme,
Urethane; Thermal Breaxs.

ABSTRACT: Technical discussion of structural probleas and
various solutions. Probless include concrete, footings,
walls, and insulation. Cosmpares reinforced concrete walls
with concrete block walls, poured in place concrete slab
rcofs with precast coacrete plank roofs and heavy tisber
toofs. Cost and performance of urethanes, extruded
folystyrenes, and expanded polystyrenes are cospared.
"geat bleeding® apd the need fcr thermal breaks are
discussed.

EYALUATION: Very informativ~

€. Cost.

eevssey M"Study Shows lower Energy and Construction Costs
frcs Barth-Sheltering.™ UOnderground Space. pp 197-198.

[ Jan/Felk 1981,

XEIWORDS: Computer Model; Life-cycle Cost; Construction
Ccsts,

ABSTRACT: A study performed by an architectural fira
assisted by the Underground Space Center at Univ. of Minn.
tased on computer wmodels, fcund construction ccests for
termed structures to be less than for comventiopal
tuildings but costs for fully turied structures vwere higher
than conventicnal. The study claias that58 00 the payback
for bermed structures is immediate for all climates but
that the additional cost for fully covered structures was
not justified im the milder climates.

eaeecesy M"Resales Set BMarket Values.® Earth Shelter Digest

§ Energy Report. pp 37-38. [ may-June, 1981
KEYWOBRDS: Cost; Value; Resale; Comsercial.

Jones, L. S., "Non-traditional Military Uses cf
Undergrcound Space.”" UOpderground Space yol. 2 No. 3
Ep 153-158. [ April, 1978

KEYWORDS: Military Uses; Medical Pacilities; Stcrage;
Quarters; Cost.

ABSTRACT: Underground construction can be very advantageous

to military establishments for such things as storage
facilities of all kinds, medical facilities, and even
housing for administration and quarters. Initial costs
estimated about 11% above surface ccnstruction. Life cycle
costs are coaparatle tc aboveground structures.
EYALUATION: Good discussion of uses of underground
stroctures.
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1I1. Articles and Papers.
A. Coenstruction Practice.

€. Cost.
(CONTIRNUED)

lane,C.A., ™An Bssay - Frequently asked Questicns on
€earth-sheltered Housing.® Underground Space. Vol. &
No. 3 [ 1979.] OUnderground Sfpace Center, Univ. of Miamn.

KEYNOQRDS: Waterproofing

ILunde.H®.B., "iherlal and Barth Covered Roof Costs

" Ccmpared.® PBarth Sheltered Digest and Energy Report No.

18 pp 18-20. { Nov/lec,, 1981

KEYWORDS: ¥conomics, Thermal roof, Bermed, Earth-covered
ABSTRACT: Costs of "Thermal Roof®” (flat) house - $87968,
earth~-sheltered, sloped roof - $99,447. Advantages and
disadvantages of bermed and earth sheltered houses
ccapared. Related articles on Nos. 14 and 15 ESD & ER.
EVALGATION: Valualtle comparison. Suamary depends on
related articles (g.v).

Lunde,M.R., "Efficiency Compared: Earth Covered and
Thermal Roof.™ Earth Sheltered Digest and Energy Report
No. 15 pp 26-29. [ May/June, 1981

KEYNOADS: Econoaics; Thermal Rocof; Beramed

ABSTRACT: 1vo houses identical except for roof structures
are compared for heat loss: One is an underground house
with 12" to 15" earth cover; The other is a bermed house
vwith a "thermal rcof", Calculated heat loss in Minneapolis
veather was 2Y less for the "tusrmal roof". See related
articles in ESDERE No. 14, pp 28-29,; No 18, pp 18-19.
EVALUATICN: Only part of the story. See related articles.

lurde,N.R., "Covered vs Conventional - "Thermal Roof" is
Inctroduced.” Earth Sheltered Digest and Energy Report

No. 14 pp 28-29. [ sar/Apr, 1981

KEYNCRDS: Theraal Boof; Econosics; Bersmed.

ABSTRACT: earth-termed structures vithout soil on the roof
are cheaper than earth covered. Martin Lunde & Assocliates
developed a "Therzal Rcoi" for cost and energy comparisons.
Ccxparisons are continued in No. 15{May/June) and No.

18 {Nov./Dec).
EVALUATICN: Only fpart of story see continuation articles.

Muller,C.A.. Taylor,R.A., "¥o Cause for Apprehbension abou=:
Costs of Insuring Earth-Sheltered Hoames." Underground

Stace. Vol. 5 FP 28-30. [ 1980
KEIWORDS: Public Folicy; Costs,; Insurance; Financing.
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11I. Articles and Papers.
B. Bazard mitigation.

1. Structural Design.

aseseey %"lisasters Point Way to 2arth Shelters.® Earth
Sheltered Digest & Energy Report. pp 11-14, [ Mar./Apr.
1980 '

KEYNORDS: Public Folicy; Hazard mitigation.

Bchn, C., "The Underground Tube Home.® Home Energy Digest
and Wood Burning (uarterly. [ Fail 1978

KEYNORDS: Steel Culvert; Prefabricated; Design.

ABSTRACT: Gives a design using prefabricated steel

culverts. No technical information. Architesct was Michael
#cGuire of Steelwater, Minnescta. Manufacturer was Modular
Techknclogy Corporatioas. P.0.Box 6, Plato Center, IL, 60170

2. Civil Defense.

eeasesy MU'EgGg' is Pallout Shelter, Vacation Hcae"
¥mergency Planning Digest pg 18-19, { Oct/Dec, 1981
KEIWORDS: Frefab; Pallout Shelter; Fiberglass.

AESTRACT: The "Egg" is a reinforced fiberglass structure
designed as a fallout shelter and a vacation hose. It
sells for $30,000 coapletely installed. It has an
esergercy exit built ip. The wvait is furnished and
equipped with cabinets, cushions, cooking utensils, shovel,
tatteries, lamgs, TV and radic. A 470 gallon tank for
vater is prcvided.

EVALUATICN: A new idea that may have prosise in soae

" {limited) applications.

eesseey "In the Ivent of Catastrophe.®" Uanderground Sgace.
Vol. 5 No. 6 p 344-355, [ ¥ay/June 1981
KEIWORDS: Fublic Folicy; Catastrophe.

Chester, C. V., "Incorporating Civil Defense Shelter Stace
in New OUpderground Comnstruction." Proceedings cf
Undergrcund Space Conference and Exposition, K.C.,Mo. pp
31-47. [ June 8-10, 1981

KEEINORDS: UOnderqgrcund Comnstruction; Blast Shelter.

Sisson,G.N., "Ondergrcund for Nuclear Protecticn."
Undergrcund Space. Vol. 4 No. 6 pp 341-348, [
NaysJune 1S80

KEYWORDS: Civil Detfense.
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I1I. Articles and Papers.
C. Energy hKe€lated.

t. Beat Transfer.

Hougten,?.C., Taimuty,D.I., Gutherlet,C., Brown,C.J.,
"Heat loss Through Basement Walls apd Floors."
Transactions ASHERAE No. 1213 pp 369-384. [ 1942
KEYRORDS: Heat Transfer; Insulation.

Kusuda,T., Achembach,P.R., "Earth Temperature and Thermal
Diffusivity of Selected Stations in the GUnited States."®

Transactions ASHRAE vol. M pp 61-75. [ 1965
KEYNORDS: Ground 1Temperature: Thersal Diffusivity; Climate.

latta,J.X., Boileau,G.G., M"Heat Losses froa House
Basements.® Capadian Puildings. Vol. 10 Fo. 10: p 4.
[ Oct. 1969,.] National Research Ccuncil of Canada.
KEYSOBDS: Heat 1ransfer; Insulaticn; Baseaents.

Baff, S. J, %“Ground Temperature Ccntrol" Underground
Space  Vol. 3 No. V pp 35-u44. [ 1978

KEIWORDS: Coamfort; Ground Heating; Plastic Ground Cover.
ABSTRACT: Control of underground tesmperature to hold near
ccafort zone was investigated. Covering the grcund with
glass or clear plastic can achieve thkis goal at depths of 5
meters or more. Faving and south slope can get within 5

degrees.
EVALUATION: Bffective tut expensive. There are lFetter and

- cheaper wvays.

Shigg,P.H., Meixel,G.D., Ramsey,J.W., M™Analysis and
Measurement of the Thermal Behavior of the Walls and
Surrounding Scil for a Large Underground Building.*
Undergrcund Space. Vol. 5 No. 2 [ Sept/Cct 1980
REYSNORDS: Heat Transfer; Insulation.

Speltz,J.J., Beixel,G.L., “Computer Siaulation of the
Thermal Performance of Ea2.th Covered Roofs." (Opderground
Space, Conf. and Exgo - “roceedings. Pergamon Fiess. [

Jupe 8-10, 1981
KEIWORDS: Heat Tramsf-:r; Insulation.

2. Insulaticn.

Astrus,T., Komoly,T., %“Moisture Movements Under Combined
Effects of Tesperature and Vapor Pressure Gradient."
Fefrigeration Journal. [ July,Aug,Sept,Oct. 1968,
KEYKORDS: Insulation; Moisture.
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111. Articles and Papers.
C. Bnergy Eelated.

<. Insulation.
(CCNTINUED)

Fait,J., "Getting Into It: Uabrella Modifies Scil
Temperature.® Earth Shelter living 27 pp 8-9. [
May/Jdune 1983

FEYWORDS: Undergrcund Insulation.

AESTBACT: A nev loock at insulatican configuratioss
vnderground.

EVALUATION: Has possibiliries.

Bedin,C.P., "HBcisture Gains by Foam Plastic Raoof
Insulaticn Under Coontrclled Temperature Gradients."
Journal cf Cellular Plastics [ Septsoct. 1977
KEYRORDS: Insulation; Moisture.

Joy,FP.A., "Thermal Ccnductivity of Imnsulation Containing
Moisture.® Thermal Conductivity Measureament and
Arplication of Thermal Insulation. ASTM Special
Technical Fublicaticn 217 [ 1957.] AsSTH

ZEYWORDS: Insulation; Moisture; Conductivity.

Karlar,C.W., "Moisture and Preeze~-Thaw Effects on Rigid
Irsulatica.®™ Technical Report No. 249 [ April 1974..]
U.S.Arny CEEEL, Hanover,H.Y.

FEYRCRDS: Insulation; Moisture.

levy,N.M., M™Moisture Vapor Transmission and its Effects on
Thermal 2fficiency of Foam Insulation." Jourpal of
Crllular Plastics. [ Jan. 1966

KEYSORDS: Foam Plastics; Moisture; Thermal Efficiency.

Meizxel,G.D.,Shipp,P.H.,Bligh,T.P., ¥The Impact of
Inculation Placesent on the Seasonal Heat Loss Through
Basement and Farth Sheltered Walls." Underground Space
¥cl. S No. | [ July/Aug 1980

KEIWORDS: Heat Transfer; Insulation; Basement.

vadnis, X., "Truths May Be Buried in Insulation." ©=®arth
Sheltered Digest and Epnerqgy Repcrt. No. 18 [ 10-12. {
Nov/Dec,, 1981

KEYINORDS: Polystyrene; Styrofoam; Insulation; R-values;
Ccafressive Strength; Water Absorption.

ABSTRACT: Froblems with polystyrene insulation. 3Blue board
{(styrcfocam) produced by Dov and pink board (forzular) by
U0.S.Gypsum are extrnded. All vhite board is ezxpanded.
Quality control of white board is not dependable.
Performance standards have not Leen develcped. R-values
are manufacturer's data. No third party testing available.
Ccapressive strength and vater absorption are advertised

by manufacturers.

EVALUATICN: Iarortant Caveats.
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11X. Articles and Papers.
C. Energy Related.

3. Fassive Solar.

Baggs, S. A., %"Effects of Vegetation on Earth Cooling
Foteptial." 2roceedings of Barth Shelter Performance and
Evaluation. Tulsa, OK. [ Oct. 1981

KEYRCEDS: Earth Coupling; Vegetatica.

Boyer, L. L., Grondzik, ¥. T., Weber, M. J., "Eassive
Energy Design and Hakitability Aspects of Earth Shelteted
Bousing in Cklahosa." Undergrcund Space Yol. 4 No. 6
[ 1980

KEYROBDS: Earth Cocupled Cooling; Disaster Protection;

Energy.

Boyer, L. L., Grondzik, W. T., “Hakitability aad Energy
Perforsance of Barth Sheltered Dvellings." Proceedings cf
Third International Ccnfereance on Alternate Energy Sources.
[ Cec. 1980

KEIRORDS: Ground Coupled Cooling; Energy Savings.:

Boyer,l.l, "Evalgation of Energy Savings Sue to
Daylighting® Proc. Intl. Passive Coollng Conf. AS/ISES,_

‘Miasi Beach. [ Ncv. 1981

EEIWORDS: Caylighting; energy savings.

Ezra,A.d., "Technology Utilization: Incentives and Solar
Energy.™ Science vol. 187 pPp 41-78. [ 1975

Kuseda, 1., Achenkach, P. R,, "Earth Temperature aand
Thermal Diffusivity at Selected Stations in the United
States.". ASBRAE 1ransactions 71.part 1 [ 1965
KEISNORDS: Earth Tesperature; Thermal Diffusivity.

labs, K., "Underground Building Climate™ Solar Age
Vol. 4 p 10. [ 1979
KEYWORDS: Earth Ccupling.

latks, K., Watson, D., "Regional Suitability of Barth
Tespering.™ Froceedings of Barth Shelter Performance and
Evaluation. Tulsa, OK. [ Oct.,b 1981

KEYWORDS: Earth Teapering

surdoch,J.B., "A Froceedure for Calculating the Potential
Savings in lighticg Epergy froa Use of Skylights.™ J.
Illum. Engr. Scc., Vol. 6 No. 4 [ 1977

KEYWORDS: Laylighting; Skylights; Energy Savings.

Weber, 8. J., Boyer, 1. L., Grondzik,W. T., "Igplications
for Hatitakility Design and Energy Savimgs in Earth
Sheltered Housing." D2roceedings of Farth Shelter Design
Inpovations, Ckla. City. [ April, 1980

FEYWORDS: Farth Coupling.
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JIXI. Articles and Papers.
C. Bpnergy BRelated.

3. Fassive Solar.
{(CCNTINRUED)

Wylie,J., "Gardening in Barth Shelters.™ Earth Shelter
living. No. 27 pp 28-30. [ MaysJune 1983

KEYBORLS. Growing Flants; Passive Solar.

AESTRACT: Cvners smust decide if they want to grow plants or
supplesent the beating systea. They cannot do toth.
EVALUATION: A seldom heard point of view.
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11I. Articles and Papers. |
D. Psychological and Physiological

1. Paylighting

eeseesy "Recommended Practice of Daylighting.™ Lighting
[esign and Application. Vol. 9 No. 2 [ 1979
KEYNORDS: Daylighting; DPesign Practice.

esesesy MUndergrcund Houses - 8 Works." Process:
Architecture Vol. 21 [ Jan 1981,
KEYSORDS: raylighting. |

I
Eennett,l., Eljadi,D., ™Solar Opti-~s: Projecting Light
intc Buildings." AIA Jourpal [ March 1980
KEIWOR"S: Laylighting; Solar Oftics.
Boyer,L.l., "Subterrcpean Designs Need Daylighting."
Parth Sheltered Digest & Energy Report. Vol. 1 No. 4
[ 1979 i
KEYRORDS: Laylighting. i
Boyer,l.1., "Daylighting in{Subterranean Spaces."
Proceedings - Going Under toStay ca Top. { Ncv. 1979.)]
Undergrcund Space Center, Univ. of Minnesota.
KEYWORLS: L[aylighting j
Eoyer,1.1., "Yaylighting Designs Presented.® Earth
Sheltered Digest and Energy Refcrt. No. 18 g 13-15. {
Ncv/Dec,, 1981 |
KEYWNORLS: Daylighting; Glare; Shadcws; Skylights.
ABSTRACT: Protlems of daylighting are listed: fever
windows, mcre glare, harsh shadows, poor 1light
distribution. Skylights have problegs. "“Plashlight" beaa,
colar penetration in suvamer. Daylighting factcrs.discussed.
EVALUATICN: General interest.

Flyon,J.E., "The ISES Approach to Recoammendations
Regardisg levels cf Illumination." Lighting Design ard
Aprlications. Vol. 9 No. 9 [ 1979

REYWORDS: FLaylighting; Lighting Standards.

villecco,M., Selkcwitz,S., Griffith,J.W., "Stratejies of
Laylight Desigm.™ AIA Journa.. [ Sept. 1579
KEIWORDS: Laylighting; Design.

fells,M., "North Light Adaitted®™ EFarth Sheltered Digest
and Fnergy Regrort No. 18 pp I1. [ Nov/Dec,, 1981 -
KEYWNORDS: Caylighting; North windows; Periscope.
ABSTRACT: North ofpenings prevent glare, give crcss
rentilation. Periscofe effect used to provide fanoramic
view without sericus heat leak.

EVAIUATICN: An imteresting incovatiocn.
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I1I1. Articles and Papers.
D. Psychological and Physiological

2. Indoor Air Quality.

Lord, D., "Interior Envircnaental Quality in Earth
Shelters.™ Proceedings Earth Shelter Perforsance and
Evalvation, Tulsa, CK., Oct. 1981. [ Oct. 1981
KEYRORDS: Air Quality. '

Bay,H., %Innizing Radiation levels in Epergy-Ccmserving
Structures.* Ondergrcund Space. vol. 5 Nc. 6 GEp
384-391. [ say/June 1981

KZYNOBLS: Public Folicy; Air Quality; Radon.

Osvald,B.A., "Tight Hcuse Can Seal in Polluticn.™ Z2arth
Shelter Living No. 27 pp 36-37. ( MaysJune 1983
FEYNORDS: Radon; Ventilatioem.

ABSTRACT: Tight hcuses need controlled ventilation to keep
radon levels down. ) radon measuring device is illustrated.
EYALOATICR: Very good susmary of the dangers.

3. Acceptatility.

ecvesay, "HMulti-Onits Attract Students.™ Earth Sheltered
Pigest & Energqgy Beport. pp 24-29. [ Ssept.s0ct. 1981
KEYNOBEDS: Fublic Folicy; Acceptability.

------ e "Tcwnhoustes for Sale." PRarth Shelter living.
¥c. 26 pp 10-11, [ #arch/April 1983

Hecllon,S.D., Kendall,?.C., Norsted,S., Vatson,D.,
"psychological Responses to Earth-Sheltered, Multilevel,
and Above Ground Structures ¥With and without Windows.®
Undergrcund Sgpace. Vel. S Yo. 3 pp 171-178. {
Nov./Dec. 1980

KEYYORDS: Public Folicy; Psychological Response; Windovs;
fiipdovless Space.

McXown,C., Stewart,K.K., "Consuser Attitudes Ccncerning
Ccnstructicn Features cf an Bartbh-Sheltered Dvelling.™
Undergrcund Sgpace. Vol. & ¥o. 5 pp 293-255. {
Mar./Apr. 1980

KEYWORDS: Fublic Folicy; Acceptability; Design.

Boreland, ?., "Earth Covered Habitat, an Alternative
Future." 0a2dergrcund Space Journal Vol. ! pp 29S5-307.
[ 1977

REYHOBLS: Ce¢sign; Acceptability.
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11I. Articles and Papers.
D, Psychological and Physiclogical

3. Adcceptalkility.
(CCETINOED)

Sterling,R.,Surcliff,%. pp, "Sterling and Shurclifft
Lekate: PRarth-Sheltered Homes: Weighing the Advantages."”
Undergrcund Space. pp 200-204. [ Jan/Peb 1981
KEYWORDS: Advantages; Disadvantages.

AESTIRACT: Written debate betveen Sterling (an advocatae of
underground homes) and Sharcliff (an advocate of
super-ipsulated hcaes).

Stevart,K.K., B8cKkcwn,C., Peck,C., "Consumer Attitudes
Ccncerning an Barth-Sheltered House." Uadergrcund Space.
Ycl. & §o. 1 gp 11-15. [ JulysAug. 1979

KEZYHORDS: Public Folicy; Attitudes; Acceptability,

Wells, 8., ®"Why I #ent Ondergrcund.® The Puturist p 22.
[ 1976

4. Fublic Folicy.

eeacaes "rederal Activities ip Rarth-Shelteraed and
Undergrouand Constction.®™ Underground Space. Yol. S
Bo. 5 pp 275-278. [ Bac/Apr. 1981

KZINORCS: Federal Activities; fablic Policy.

eseeces ™Tax Lavs Make Pass at Passive.™ Parth Sheltared
Figest & Zoergy Report. p 64. { Bar./Apr. 1981
KEZ18ORDS: Public Folicy; Tax; Passive Solar.

Parker,H.B., “Parth-Sheltered Ccnstructioa: Thoughts on
Public Policy Issuves." Undergrcuand Space. vel. & ¥o.
5 ¢p 283-288. [ march/April 1980

KXISORDS: Fublic Folicy.

Ccates,J.F., “Sose Nethods and Techuniques for
Cosgrebensice Impact Assessaent." Technological
Forecasting and Sccial Change. Yecl. 6 pp IM1-357, {
1978

Cocgan,A.H., "Classification and Valuation of Subsurface
Space.™ Undergrcupnd Space. Vol. 3 ¥o, & pp 175-186.

{ Jan./Peb. 1979
KZ1GORDS: Public EFolicy; valuation; Classification

fegenKkclt,J.G., *Pire Protection for Underground
Puildings. " Uanderground Space. Yol. 6 No. 2 pp
93-95, [ Segt./Cct. 1981,

KEYWORDS: Pire Frctection; Public Policy.
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11X. Articles and Papers.
D. Psychological aad Pbysiclecgical

§. Fublic Folicy.
(CCENTINUED)

Dutfaut,P., *“Site Reservation Policies for large .
Ondergrcund Openings.™ UOnderground Space. vcl, 3 Yo.
8 pp 187-193. [ Jan./Peb.1979

KEY&ORDS: Fnblic Folicy; Site Beservation.

Fllswvorth,D.d. et al, 5The 0ASIS 2000 Model: A Rural
farth-Sheltered Epergy Park.® Undergrouand Space "VYol. 6
ge 153-159, [ 1981

Fairburst, C., "Going Under to Stay oo Top."™ OUanderground
Space. Yol. 1 Bo. t pp 71-8¢. [ 1976

- KEIWQRDES: Public Faolicy; Cost.

Janpsson,B., ®City Flaonipng and the Urban Underground.”
tUndergrcund Space. Yol. 3 ¥o. 3 pp 99-115, {
¥ov./Dec. 1578

KZYWORDS: Fublic Folicy; City Planping.

labs,X., ™Underground Developsent, Zoning, and You.®
Zarth Shelter Digest § Energy Report. pp 4-7. {
Jul./Aug. 1979

K2YWCKRDS: Fublic Folicy:; Zoaing; Development.

laghert,B., "Plapnning for Pnerqy ¥Needs: 1 lock at Three
Bew Cossunities.® OUnderground Space. . Vol. S ¥o. 6
Ep 362-369. { Mar/June 1981 ‘

KEYNCRDS: Fublic Feclicy; Energy Needs.

ladier,5., “"Assessing Envircoomental Impactlof Earth
Covered!Buildisogs.” Uonderground Sfpace. Yol. 1 No. 1
FF 309-315, { 15717

KZYSORDS: Public folicy; 2Znvircomental Ispact.

la¥ier,R., Morelacd,F., =“larth-Sheltered Architecture and .
land Use Pclicy.™ ©Zaderground Space. Yol. No. 1

Ep idi-ivw. [ 19717

KEYWOEDS: Ffublic Felicy; Land Use.

Mce,E.D., "™echnology and the legislator: The Yalue cof
Ccapunicatioa.® Uaderground Space. yol. & No. 1V pp
i-10. [ Jul/aug. 1979

KXYRORDS: Fublic Folicy; lLegislaticn; Cosmunication.

Bundale,S., “Inergy Park: A Coaprebensive!Prodect to
3ddress Urtan Frotlems." OUnderground Space. Yol. 6
Jo. 2 pp 100-104, { Sept.s0ct. 198!

KEYWCRDS: Fublic Folicy; 2nergy Park.
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IIX. Articles apd Papers.
D. Psycholcgical and Physiclogical 4

{(CCRIINUED)

Scott,D.0N.Ed., "The Parth EBxperiemce of Codes, Zoning
Crdisances, Pinancing, Incentives, and Attitudes.®
Proceedings of the SUN 1980 Solar UOpdate. [ Sept.
<4-26, 1980 ‘ ]
Sponsored ty: U.S.Dept. of Energy 1
KEYSOBDS: Fublic Folicy; Zoning; Financing; Incentives.

Shasa,A., "Speeding the Diffusion of Solar Energy
Innovations™ Eneizgy Yol. ? §o. 8 pp 70S-715. [ ]
1982

Sterling,R, Caraody, J., "Cost and Code Study cf
Underground Building: A report to the Minnesota Energy
Agency.® OUondergrcund Space. Vol. 4 No. 3 pp
119-136. [ Nowv/Lec. 1979

KEYWORDS: Public Folicy; Cost; Building Codes.

dhiaiid .

Svenson,G.S., "Zcning Ordinances as Otstacles to EBarth

Sheltered Bousing: A Minnisota Perspective.® Underground '
Space. Voel. 3 ¥No. 4 pp 165-174. { Jan./Peb. 1979
KEYWORDS: Fublic folicy; Zoning.

Thomas,¥.A., "Owrersbip of Subterranean Space." - 4
Onderground Space. Yol. 3 No. 4 pp 156-1€3. { .
Jan./Fek. 1979

KEINWCRDS: Fublic Folicy; Owuership.

Ihcrsen,G.¥., Bue,R.L., %“HBigh Bank Instead of Eigh Rise -
in Farth-Sheltered Aprroach tc Mediug Density bcusing."
Undergrcund Space. Yol. S No. 3 pp M49-151. {
Bov./Dec. 1980

KEINCEDS: Fublic Folicy; Mediua Density Housing.

Varper,K.E., "1he Need for Sose Innovative Cancepts aof
Innovation: An Exasination of Research on the lCiffusiocn of
Inncvations.® Policy Sciences ¥cl. 5 BPp 433-451, [
1974

Vinquist,T., ®“How Can Society Encourage Approfrriate Use of
Updergrcuad Space?™ Underground Sgace. Yol. 5 No. 4
PP <19-223. [ Jan./Feb. 1981

FELINCRDS: Fublic Folicy.
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{111. Articles and Papers.
D. Esychological amd Physiological

E. Financing.

{eeassey Financing an Innovative Energy Conserving Home: A
{Eorrower's Guide. ORNL/SUB-70513v-1 { Sept.1981
(Draft).] cak Bidge National lab.

|Spcnsored by: U.S.Dept. of Energy

[KEYROBRDS: Fublic Folicy; Financing; Energy Conserving.

!

Korell,®.L., "“Fipancing Earth-Sheltered Housing: Issues
‘and Opportupities.™ UOpderground Sgace. vol. 3 No. 6
Ep <97-301. [ Mays/June 1978

KEYWCRDS: Public Folicy; Financing; Issues; Opportunities.

|

#achowski,B., “Builders Report Healthy Spec. Market."
Parth Sheltered Digest & Energy Report. pp 15-17, [
Sept./Cct. 1981

KEYWORDS: Public Folicy; Market; Builders; Speculative
fcnsttuction.

Vadrais,X., "Insurance Study Favors Barth-Sheltering."
Earth Shelter Living ¥o. 26 pp 26-27. [ March/April
1683

FEYWORDS: Insnrability.

ABSTRACT: After two years of research spcnsored by the
National Association of hu‘tual Insurance Companies,
underground housing is he-alded as the wave of the future.
EVALUATICN: Looks like g...i vork.




Y
.

LBk

. |.3u

...,
3
— 8" R B

{93‘

o il

A

(XY
AL

S AR ARARNAS T IREFTRNALILE Aol W

LR S RN

ERP SN Y TSP rTary

. 4 mmema 4 a.a

159

1I1X. Articles and FPapers.
E. Exaamples.

t. Experieance.

esweeey "Hy Mother's House." Mother Earth News. No. 70

Ep 106-108. [ July/Aug 1981
KEYNORDS: Mother EFarth News; Dry Stacked Block; "Surewall®;

Surface Ponding.

ABSTRAC?: 1be first in a series on the earth-sheltered
hcuse being built at NcTher Earth News' BEco-village in
Ncrth Carolina. 1The house faces 5 degrees east of south.
The back of the cut into the hillside left a 13 1/2-ft
tank. A 14-ft retaining wvall made with 12-in. concrete
tlccks, laid dry and surface bonded with "Surewall% mastic
forss the back wall of the split level house.

EVALUATICN: Interesting.

eseveey, "By Mother's House." MNother Earth Nevws. No. 72
{ 3cv/Dec, 1981 :

KEYRORDS: Raterproofing; ®Surewall"; Surface Bcnding.
ABSTRACYT: rLescribes the building and vaterproofing of
Bother Barth News' house. Waterproofing is rutktter on the
rccf, Bentonite on the walls. :

EVALUATION: Interesting description cf surface toading

techniqgue.

casswey %Pire HQ Covered for 23 years." Earth Sheltered
Ligest apd Energy Report. Fo. 18 pp 4-5. [ Nov/Dec,,

1981
KEYHWORDS: Case Study; Early Example; Government Building.

EVYALUATICHN: Historical interest.

cevesep TIleas Accepts Design Challenge™ BRBarth Sheltered
Ligest apd Pnerqy Report No. 18 p 28. [ Nov/Dec, 1981
KEYHORDS: Cost; Design; Casey, Il.

ABSTRACT: Lesign details of a 2400-sq-ft earth sheltered
bouse in Casey, Il. Cost was 10 to 15% higher tban similar
conventional howes vhich average $50/sqg-ft. Architect vas
Tca Miller of Chicago. Electric bill vas $349.45 annually.

EVAIOATICN: Pair.

eswesey MRestaurant Successful Underground.®™ Earth
Sheltered rLigest and Inergy Report No. 18 pp 38-39. {

¥ov/Lec,,1981

KEYSORDS: Case study; Festaurant; Greentown, IN.; Cost
ABSTRACT: A 2800-sq-ft restaurant im Greentown, IN. Energy
ose is less than half the ¥National Restaurant Associaticn
average enetrgy per meal, Cost $120,000.

EVALDATICHN: Indicates public acceptance of underground

£pace.
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1II. Articles and Bapers.
E. Exasgles.

1. Experience.
(CCNTINUED)

sasseey WHMuseum is Out of Sight™ Earth Sheltered Digest
and Energy FEeport No. 18 p 40. [ Nov/Dec,, 1981
KEYRBORDS: Case study; Museum; Multistory; Des Mcines, Ia.
ABSTRACT: Design of a 4 story 150,0C00-sq-ft underground
nuseun for the Iowa State Bistorical Museum in [es Moines.
Lesigned by Brown, Healy, Bock of Cedar Rapids,la. The
prciect is expected to cost $11 million.

EVALUATICN: Good exaafple of multistcry use.

esmeseey MCutting Costs™ Rodalegs lew 3Shelter p 22 (box).
{ Jan 1982

KEYWORDS: Technigues; Econory; Surface Bonding; Franchises;
Euildirg Plans

ABSTIRACT: Rob Roy tells in "Underground Houses: How to
Bujld a Low-cost Home"™ (Sterling Publications) bow he tuilt
hie subsurface house fcr less than $8000. <Ivo cf his
alternate building technigues are: 1) Surface londed
concrete block walls; and 2) %ocden plamk-and-team roofs.
Standard anderground hcuse plans are available for $500
frcs Elliscn Design and Construction, Minneapolis. Plaas
for "Earthtech 6" designed by Lon Metz are available for
$150.

EVALUATICN: Some of the shcecrtcuts suggested are dangerous.

Lavis, A., "Ky Cave™ Underground Space Vol. 2 No. 3
FE 151-152. { April, 1978

KEYNCORDS: Case Study; Lavis Cave; Pranchise.

ABSTRACT: Built ip 1975. Davis was so ispressed with ite
sugperior qualities and lov ccst (nct reported) that he is
cffering franchises for others to Ltuild.

EVALUATICN: Strictly advertising.

Machowski, B., "“Eerms Shelter Ozark Development."™ EBarth
Sheltered Digest and Energy Report. No. 18 ©prp 54-57. [
Fcv/Dec, 145381

KZYWORDS: Case Study; Wood Rocf; Atriuam; Concrete Wall;
Fighlapdville, 20.

ABSTRACT: Bermed on three sides with an insulated wood
rcof. House in Highlapdville, MC. ccst $25/sq £t
(exclusive cf land). Mono-poured walls are 8 in. thick;
foured slab is § in. thick. Wall insulation is 1 in. rigigd
toard polystyrene over the top. Rccf is supported by
ccegsercial trusses pade with 2x4s and covered Lty 5/8-in.
plyvood.

EVAIUDATICN: Interesting cass study.
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11I. Articles and Papers.
E. Exaaples.

1. Experience.
(CCETIRUED)

Rawlings, B., "Dig It Yourself" Rodalefs New Shelter pp
23-26. [ Jan 1982

KEYRORDS: Case study; Poured walls; Elastomer Membrane ;
Waterproocfing; Cost.

ABSTRACT: Bcb and Margaret Scott - dc it yourselfers -
tuilt a poured wall, concrete plaak roof, earth sheltered
house with the help of a consulting eagineer and several
centractors. Iansulation is sprayed on urethane foaam with 4
in. on the rocf (B-30). Walls have 4 in. at tof, tapering
to 2 in. (R-16). 1wo layers of pclyurethane elastomer
seslrane vas used fcr vaterproofing. The Scotts waat to
try tilt-uf vwalls next.

EVALUATION: Good e€xasple of sose real probless that can
ccaplicate eartbh shelter '

Scott,N., "Moving Underground®™ Earth Sheltered Digest aad
Energy Repeort ¥c. 18 pp 22-27. [ Nov/Dec,, 1981
KEYIVORDS: Case Study; Concrete Walls; Concrete Fumping;
financing. ‘

ABSTRACT: 1vwo articles on a 1735-~sq-£ft earth covered home
at Coeur d'Alene, Idahko. Troukles included fipancing,
€¢xcessive interest costs, a ccncrete puap that wouldn't
fusp, and collapse of the coancrete chute.

EVAIUATICN: Interesting.

vitt,J.B., "Developing Kansas City's Underground Space."
Undergrcund Srace. Vol. 4 No. 5 .pp 28u4-292. {

Mar/Apr. 1980 ,
EEYWCBDS: Fublic Folicy; Case Study; Kansas City, H40.
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11I. Articles and Papers.
" P. Geneéral Trcatament.

Labs, K., ™The Architectural Underground® Uanderground
Space Vol. 1 §o. 1 pp 1-8. { 1976

KEYNORDS: Underground Space; History; Caves; BReligion;
Cliff Dwellings; Kiva; Dugouts; Clisate Control; Civil
Tefense.

ABSTRACT: Underground space has been useful for thousands
of years. Historical exaaples are given. Recently a new
interest has evolved and a number of nev types bave emerged.
EVAIUATICH: Excellent.




163

IvV. Biblicgraghies.

esesesy MOSU Besearch Papers and Reports on
Parth-Sheltered Buildings." 3 pages. [ Dec 1980.]
Cklahoma State University, Stillwater,OK.

REYROBDS: Eibliocgraphy

ABSTRACT: A list of OSU research papers and regorts on
- Barth-Sheltered buildings available froa Architectural
Extension at CSU,

EVALUATICN: 17 papers listed.

—————— o, MEarth Sheltery/ Undergrourd Bibliogragphy." 7
fages. [ 1979.) Barth Shelter, Inc.
KEYWORDS: Eibliography; Information; Planning; COnsttnctlon.

Jones,l.K., "Underground Comstructicmn®™ p 15. { Nov. 1,
1979.] Cklahosa State University, Stillwater, OR.

KEYSNORDS: EBiblicgraphy

ABSTRACT: Contains approximately 250 references to articles
and other publications on underground coamstructioa,
EVAIUATION: Comprehensive.

Keekn, P. A., Earth-Sheltered Housing: Ap Annctated
Eitliography and Directory. CPL-43 [ Jan. 1981.]
Council ¢f Planning lLikrarianms.

KEYSORDS: Eibliography; Author Irdex; Architects; Bu11ders.
ABSIRACT: Contains 232 earth-sheltered housing abstracts,
vith agthor ipdex. lists 13 earth-she¢ltered housing
cenferences, 38 architects and builders of earth-
eheltered structures, and 4 booksellers.

EVALUATICON: Helpful but not cosplete.

Feter,A., S0il Thermal Properties, An Annotated
Pikliography. [ 1962.] The FPranklin Institute,
rhiladelghia, PA.

KEYSHOBDS: Eiblioqtaphy.
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V. Proceedings

--=-=-=--, Earth Shelter 2: Collectecd Papers Presented at
Barth Sheltered Conference and Exhikition, Minneapolis, HMN.
{ arril 9-11, 198¢C '
Sgonscred by: OUpiv., of Minn Underground Space Center.
KEYSORDS: rletailing; Performance; Ground; Climate; Legal;
Cost; Environsent.

------ , Proceedings of Passive and HRybrid Cooling
Ccnference. Miami, FL. [ 1981.] Aamerican Secticn/
International Sclar Energy Society (ISES).
KEYNORDS: Earth Coupling; Passive cooling.

Ecyer, L. 1.,Ed., Proceedings: Earth-Sheltered Building
Design Ipnmovation. Seccnd Natiocnal Technical Ccnference.
132 pages. [ april, 1980

KEYRORDS: Innovations; Earth sheltered; Design;
Ccopstruction; Acceptability; 1ivability; Energy
Ccnservation; Results; Data.

ABSTRACT: A technical conference held im Oklahoma City in
Arril 1980. Balf of the papers were authored Ly
architects, one third by engineers, the rest by contractors
and researchers.

EVALUATICN: Good quality technical information.

Eoyer,l.l.Ed., PFroceedings: Earth Sheltered Ferformance
and BEvaluation, Second Kational Technical Conference.
Tulsa, CK. [ Oct. 16-17, 1981,

Sgcnsored by: Architectural Extemnsion, Okla. State Univ.
KEYWORLS: Earth Ervircnment; Design; Modeling; Anmalysis;
Fassive Solar.

Bclthusen, T. L., Ed., The Potential of Earth Sheltered
and Underground Space.: Today's Rescurce for Tcrorrow's
Space and Energy Viability. Pergamon Press, $48. $03
Fages. [ June 1981

KEYIWORDS: Civil Defense; Subways; Ccamercial; Residential.
ABSTRACT: Papers presented at a symposium held in Kansas
City in June 1981.

EVALUATIICN: Wide range of subjects.

Bcrelapd,?., Biggs, Shih, Bds. ., "“EBarth Covered Buildings
and Settlesents. CONP-7805-138 part 1 and part 2"
Froceedings of Ccoference: "Alternatives in Hatkitat: The
Use of EFarth Covered Puildings and Settlements", Tvo
vclumes [ May 1978..] 4Upniv, of Texas, Arlingtonmn, TX.
Spcnsored by: Dept. of Energy/Innovative Structures Procgraa.
KEINORLS: Farth Eovircnament Design; Modeling; Apalysis;
Fassive Solar,
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V. Proceedings

moreland,F.,Ed., Alternatives in Energy Consecvation: The
Use of Earth Covered Buildings. Proceedings znd Notes of a
Conference Held in Ft. Worth, TX. July 9-12, 1975,
ESF-RA-760006 [ July , 1975

Spcnsored by: National Science Poundation ~ RANY

KEYWORDS: Earth-ccvered; Emergy Conservation.

COMMENT: Available fros U.S. Gecvernment Printing Office,
Washington, D.C. 020402 Stock No. 038-000-00286-4. $3.25.
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~o %"Site Investigation® Earth Sheltered Structures Fact
Sheet 01 ORNL/SUB-7849/01 p 8. [ Dec 1981.]
Onderground Space Center, Oniv. of Minn.

Sponsored by: ORN1,/0.S DOE, Office of Buildings and
Ccamunity Systems Buildings Division.

KEYWORDS: Surroundings; Climate; Topograpby; Geology; Soil;
Ecclogy.

--, ®"planting Considerations®" Earth Sheltered Structures
Fact Sheet 02 CENL/SUB~7849/02 6 pages. { Now 1981.]
Undergrcund Space Center, Univ. c¢f Minn.

Sponsored by: CR¥L/ 0.S. De®, Office of Buildings and
Coamunity Systems, Buildings Division

KEYWORDS: landscaping; Planting; Shrubs; Trees; Garden.

-=-=-, "Raterproofing Technigques® farth Sheltered
Structures Fact Sheet 03 ORNL/SUB-7849/03 P 4. [ Dec
1980.] Underground Space Center, Oniv. of Minn.

Spcnsored by: OBN1/ U.S. DOE, Office of Buildings and
Ccasunity Systems, Buildings pivision .

KEYRORDS: Waterproofing; Site planning; Draipage; Memlranes

~---, M"gaterproofing Considerations apd Materials." Earth
Sheltered Structures Fact Sheet 04 ORNL/SUB-7849/04 12
fages. [ Sept 1S81.] Underground Space Center, Uaiv. of
Eipn

Spcnsored by: CRENL/U.S.DOE, Office of Buildings and
Ccsmunity Systems, Buildings Livisicn.

KREYWOBRDS: Baterproofing; Site; Soil; Climate; Ccst;
lifespan; Arplications; Materials.

----- , "™Insulation Principles®™ Earth Sheltered Structures
Fact Sheet 05 CRNL/SUB-7849/05 8 pages. [ May 1981.]
Undergrcund Space Center, Univ. of Minn.

Sgcnsored by: CORHI/U.S.DOE, Office of Buildings and
Community Systems, Buildings Divisicn.

KEYNORDS: Insulation; Beat leak; Climate; U-Value.

------ . "Insulation Materials and Placement.™ Earth
Sheltered Structures Fact Sheet 06 ORNL/SUB-7849/06 5
Fages. [ May 1981.] Undergrcund Space Center, Univ. of
Mipn.

Spcnsored by: OFN1/U.S.LOE, Office of Buildings and
Cczmunity Systems, Buildings Cfivisico.

KEYWORDS: Insulation; Materials; Selection; Placement.

------ ¢+ MDaylightipng Design." Farth Sheltered Structures
Fact Sheet 07 CRNL/S0UB-69741v-01 5 pages. [ Aug
1981.] Underground Srace Cexter, Uuiv. of Minn.

Spcnsored by: CRNLI/U.S.DOE, Office of Buildings and
Ccanunity Systems, Buildings Divisicn.

KEYWORLS: Laylighting; Natural light; Energy; Glare;
Shading.
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V1. Fact Sheets.

------ *Indoor Air Quality® Earth Sheltered Structures
fact Sheet 08 CREL/SUB-69741V-01 6 fpages. [ Aug
1981.] Underground Space Center, Oniv. of dinn.
Sgcosored by: CREL/U.S.DOB, Office of Buildings and
Ccamunity Systems, Buildings Divisicn.

KBYNORDS: Pollutants; Ventilation; Humidity; Piltraticn.

vwe===, ®Parth Coupled Cooling Technigues." Rarth
Sheltered Structures Pact Sheet (9 ORNL/SUB-69781Vv-03

6 pages. { Aug 1981.] UOnderground Space Center, Univ. of
Bipp.

Spcnsored by: CRN¥L/U.S.DOB, Office of Buiidings and
Coammunity Systeas, Buildings Divisico.

KEYNORDS: Earth coupled; Cooling; Coafort; Climate.

----- wLisaster Protection®™ Earth Sheltered Structures
Fact Sheet 10 04 6 fpages. [ Sert 1981.] Undergrcund
Space Center, Univ of Minmn.

Spcnsored by: CBN1/C.S.DOE, Office of Buildings and
Ccaaunity Systexs, Brildings Divisica.

KEYRORDS: Storams; Tornadoes; Earthquakes; Civil Defense.

------ + MBuilding in Expansive Clays" Earth Sheltered
Structures Fact Sheet 11 ORKL/SUB-69741y-05 6 pages.
[ Sept 1981.] OUndergrcund Space Center, Univ. of Minn.
Sgcnsored by: CHN1/U.S.DOE, Office of Buildings aad
Ccraunity Svsteas, Buildings Divisicu.

KEIWORDS: Expansive Clay; St-uctural integrity.

~==e==-, 6 MWrassive Solar Heating™ Earth Sheltered
Structures Fact Sheet 12 ORNL/SUB-69741v-05§ 6 pages.
[ Sept 1981.] Ondergrcund Space Center, Univ. cf HMinn.
Spensored by: CBNI/U.S.DOE, Office of Buildings and
Cosasunity Systems, Buildiags Civisicn.

KEYWORDS: Passive Solar; Direct Gain; Trombe Wall; Design.
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V1. Pact Sheets.

esses., Home Blast Shelter 6 pages. { may 1978.]
Lefense Civil Pregaredpess Agency (DCPA)

Spcnsored by: Defense Civil Pregparedness Agency.

KEYSOEDS: Undergrcund; Concrete; Shelter.

ABSTRACT: A pasphlet giving a design of a blast shelter for
individval hoaes,

EVALUATICN: Design should be laproved to reduce cost.

eeesees, Earth Integrated Building Jcastructican. 24 pages.
[ June 1979..] Pcrtland Cement Asscciation. Skckie, Il.
KEYWCEDS: Flanning: Design; Ccostruction; Exaarles.
AESIRACT: Contains Lackgrouand inforration on earth:
theltering and gives exasples cf projects in the plananing
apd cospleted stages, Feferences to other sources of
ipfcrmation. ‘

seeseey Windstora Protection Design ( 3 Booklets)
1rR-83; TBR~-831; TR-83B { July 1975; Sept. 1975; April
1976. ) Trefernse Civil Preparedness Agency(DCPA}; DCPA/DOD,

" Sashingtcn,l.C. ‘

Spcnsored ty: LCPA/DCD ’
KEYSCRDS: windstora Protection; Protective constructicng
Lezgign; Structures

Simacons, L. B., Fassive Solar rarth Sheltered Eousing. 10
fages. [ April, 1981.] Siascps apd Sun.
KEYWCRDS: Foured-in-place Concrete; Post-Tensiocned

Ccpcrete; Code Frciless; FPipancing.

ABSTRACT: A discussion of some probless and their solutions
fcr passive colar, earth-sheltered bouses,
EVALIGATICN: Good.
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APPENDIX A

Mouerately Important Institutional Issues Affecting the Utilization of

Earth-Sheltered Residences

In the body of this report, a number of issues are identified as
important in relation to three different types of earth-sheltered
development: hazard-mitigating, earth-sheltered residences; crisis-
upgradable earth shelters; and entire earth-sheltered neighborhoods or
communities. It is possible that an issue can be most important in
relation to one or more of these types of developm:nt and moderately
important in relation to another. This Appendix presents a discussion
of those issues identified in the text as moderately important in
relation to the adoption and use of one or more of the above types of
earth shelters and not discussed in more detail elsewhere as most

important relative to another type,

[ssues Related to the Desire to use Earth-Sheltered Residence

Expression of Personal Values. To many homeowners, the choice of a
dwelling unit can be a statement of personal values. For some, the

purchase of an earth shelter constitutes a positive assertion of the
buyer's innovativeness, environmental concern, and energy awareness.
The evolving symbolism associated with earth-sheltering and future
trends in national values is likely to affect public response to this

residential option.

Conforming to Socially Accepted Image. While some potential home buyers
are interested in making a statement about their independence and

innovativeness by their c¢heoice of a dwelling unit, many others are
interested in projecting an image more in conformity with mainstream
tastes and values. For this latter segment of the home buying public,

earth-sheltered housing may be unacceptabie to the extent that its
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external appearance departs from more conventional dwelling units
(Mdreland, 1983). This barrier to the adoption of earth-sheltering can
be addressed in the short term by the design of structures which depart
as little as possible from aboveground structures, possibly through the
use of traditionally-styled front elevations and exposed roofs. In the
longer term, the issue of conformity could dissolve as a barrier to
adoption if earth-sheltered dwellings become widely accepted by society

at large.

Issues Related to the Construction of Earth-Sheltered Residences

Building Regulations. Building regulations are frequently cited as
major obstacles to the construction of -earth-sheltered dwellings.
Specifically, the model building codes that are widely adopted by Jlocal
governments throughout the country have come under fire, as have the HUD
Minimum Property. Standards (MPS) which are used to judge the eligibility
of residential structures for federal loan insurance programs. Major
provisions that are found in at least one model code or in the MPS aud
that can block earth-sheltered construction are: 1) the requirement for
a direct means of egress from living and sieeping areas to the outside;
2) the requirement for windows opening to the outside in every habitable
room for 1light and ventilation; and 3) requirements for structural
integrity which don't address the wunique characteristics of earth
shelters, Without prescriptive spandards that are specifically geared
to earth-covered housing, develope}s chonsing to build underground will

have to prove eguivalent performance to conventional structures through
the "Alternate Methods and Materials Provisions" contained in most
codes. These provisions do allow innovation, but proving eguivalence is
frequently time-consuming and expensive (Sterling, Aiken, and Carmody,
1980).




) N ]

LR
e

ST LY Y

il !
|
|
i
|
|
|

|

Land Use Regulations. The local zoning ordinance is the land use

regulation most frequently «cited as a potential barrier to
earth-sheltered construction. Zoning ordinances are general?y much less
standardized tnan are building codes, but there are several problem

characteristics which appear in many different codes. These include: 1)

|
minimum height requirements; 2) minimum floor area requirements that
1

don't count basement space; 3) maximum lot coverage requirements; 4)

"minimum setbacks; and 5) outright prohibition of living lunderground

(Sterling, Aiken, and Carmody, 1980). On the positive si?e, natural
resource protection ordinances which Tlimit the impermeabqe surfaces

allowed in a given development can actually encourage eartb-sheltered

development.

Restrictive Covenants. Certain aspects of these binding bgreements,

. . ) C e l .
which are written into individual property deeds, can presenq a barrier

to the construction of earth-sheltered buildings. Prohibitiéns against
living in basements and requirements that all building plans be reviewed
by an architectural review board for compatability witﬁ existing
dwellings can be particularly troublesome (Ziebarth, 1980).

|
|
|
I
i

Limited Experience of Planners and Regulators. Those individuals

charged with designing and overseseing community development may not
understand the important physical factors, like geology and7hydrology,

‘which affect the feasibility of building underground. They méy also be

unfamiliar with the design principles governing this: type of
development, particularly at the neighborhood or community schle. This
lack of understanding can prevent planners and regulators ffom giving
positive guidance to prospective builders of earth-sheltered structures
and, at the same time, can limit their willingness to approve@this kind

of dwelling.
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Availability of Inexpensive Designs and Plans. The availability of
relatively inexpensive designs and plans for earth-covered structures

could reduce developers' need for expensive architectural and
engineering services and increase their familiarity with the type of
building. Wide-spread availability of plans for earth-covered
structures can increase the likelinood that they will be taken seriously
by the building community, as well as boosting awareness of this
building type among the home buying public.

Innovation in the Construction Industry. The construction industry is

generally reputed to be very conservative, a characteristic that
manifests itself in a slowness to adopt new building practices. It is
dnTikely that, without intervention, the willingness to innovate will be
any greater in the case of earth-sheltered housing than it has been in
the past. Indeed, there are some strong forces pulling against rapid
acceptance of earth-sheltered construction, including the need for
conventional builders to learn new construction skills, to invest in new
equipment, and to employ additional architectural and engineering
services, at least during the learning process (Sterling, Aiken, and
Carmody, 1980).

Issues Related to the Use of Earth-Sheltered Residences

Resale. When an owner's use of an earth-sheltered structure draws to a

close, he or she faces the issue of resale. There is very little
information on the resale value of earth-sheltered houses (Korell,
1978), although the little data there are indicate that at least some
units have sold at good prices (Earth-Shelter Digest, 1981).  Still, the

overriding uncertainty of resale value can have a negative impact on
both lenders and prospective buyers.
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Interior Environmental Quality. "Indoor air pollution" can be a problem

for the occupants of earth-sheltered residences due to the tightly-
sealed nature of the typical earth shelter. Some observers have also
pointed to the potentially hazardous concentrations of radiocactive radon
gas that can occur in some earth-covered buildings (May, 1981). These
problems can be addressed through the provision of adequate ventilation
systems, intelligent building operations, ard the prudent choice of

building materials.

Access to Structure. Access to the buried walls and roof of an earth-
covered structure for any needed repairs or remodelling could be
difficult and costly. Access to the structure for the performance of
emergency services like fire protection could also be more difficult

than for aboveground houses, as could be the related function of
emergency egress. These potential problems could diminish the

attractiveness of earth-covered dwellings.

Energy Use. The energy needed for space conditioning is likely to be
much less for an earth shelter than for a conventional structure,
particularly if passive solar heating is utilized (Earth-Sheltered
Housing Design, 1978). The resuiting lower energy bills are expected to
be very attractive to residents and also to increasing numbers of
lenders. ‘

Issues Related to the Community-Wide Effect of Using Earth-
Sheltered Residences

Energy Consumption. As discussed earlier, energy required for space
conditioning is likely to be much less in earth-sheltered than in

convent ional structures, especially where passive solar heating is

provided. The consequent reduction in energy demand should have
benefits for the society at large as well as for the individual
poccupants. Greater energy independence is widely accepted as a
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worthwhile social goal, the benefits of which range from increased
autonomy at the community level to strengthened national security. In
addition to saving energy normally required for space ccnditioning,
additional savings could be realized in the transportation sector if
higher residential densities lead to increased use of mass transit, and
also in the area of embodied energy as higher densities result in
shorter street and utility lines,

Changes on Existing Building Industry. Should - the use of

earth-sheltered housing become widespread, there aré likely to be
significant effects for the existing building industry. It is expected
that the builders of conventional aboveground structures will see their
business decline unless they acquire the skills and equipment neeced for
subterranean construction. At the same time, those builders anc
developers with capabilities in this area should see their activities
increase. Similar impacts are likely among building material suppliers,

as well.

Social Impacts Arising from Policy Initiatives to Stimulate

Earth-Sheltering. Government policy initiatives taken to encourage the

use of earth-sheltering hold the potential for causing unintended
impacts to society. At the least such initiatives, by speeding the
diffusion of innovation can accelerate those societal impacts likely to
result from the widespread adoption of earth—covered residences. In
In addition, these policies could encourage different rates of adoption
among different socioeconomic groups, thus resulting in varying degrees
of benefit for distinct segments of society. Government policy
initiatives could also encourage more involvement, and ‘hence greater
profits for one type of contractor or supplier (e.g. small or large
residential or commerc{al) than another. The equity implications of
such differential benefits resulting from government-sponsored actions
will have to be closely examfned by prospective policy-makers.
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Disaster Protection. It 1is expected that hazard-mitigating and

crisis-upgradable, earth-sheltered structures can offer significantly
greater hazard protection than do conventional, aboveground residences.
The societal benefits resulting from the decreased loss of life and
property in case of a natural or man-made disaster could be significant.

Public Access to Earth-Sheltered Dwellings in Case of Disaster. In the

event ‘of an impending disaster, individuals other than the actual
occupants may desire the protection afforded by crisis-upgradable
structure. Important questions that arise, therefore, are "What can be
done to encourage the owners of such structures to share their homes
with others during an emergency?" and, conversely, "What can be done to
protect ~an owner's right not to share?" It is expected that these
questions may be addressed at the state or local, rather than the

federal, level of government.
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APPENDIX B

Least Impcrtant Institutional Issues Affecting the Utilization of

Earth-Sheltered Residences

This Appendix presents a discussion of those issues that, while
potentially significant, are considered leas: important relative to the
other issues identified in effecting the adootion and use of individual
earth-sheltered dwellings and entire neighborhoods and communities.
None of the issues described below were disnussed in the body of the
report or in Appendix A.

Issues Related to the Use of Earth-Sheltered Residences Maintenance

of Structure. The limited area of exposed exterior walls and roofs in
earth-sheltered structures could ' make these wunits require less
maintenance, thus increasing their attractiveness to users (Sterling,
Aiken, and Carmody, 1980). On the other hand, any failure in exterior
water-proofing could be extremely problematic.

Taxation. As long as the initial costs of earth-sheltered structures
are higher than for conventional structures, property taxes based on
hnusing value will provide a disincentive, though not necessarily a
major one, for potential adopters.

Insurance. There has been little research on the rosts of insuring
earth-covered housing and whether they would differ from the costs for
conventional structures. The costs for earth-sheltered insurance could
well be lower because of the fire resistant nature of this type of
structure (Muller and Taylor, 1980). On the other hand, there is a
slight chance that insurance costs could be somewhat higher, at least
initially, because of the possibility of difficulties with access and
egress in .ase of fire. In any case, the difference in cost between
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insurance for belowground and aboveground structures can be expected to
be relatively small compared to all the other expense of home ownership

Ease of Interaction withi Neighboring lUnits. Cecause of the submerged

nature of earth-sheltered|dwellings, interaction among neighboring units
could be diminished. This could bring increased privacy, but it could
also lead to decreased opportunities for “neighboring."

Protection from Intrusion'or Vandalism. Because they have fewer exposed

surfaces, it . expectea that earth-sheltered houses could afford
greater protection againgt intrusion (Muller and Taylor, 1980} and
certain forms of vanda)fsm, increasing the appeal for present and
prospective users. On Qhe other hand, earth-sheltered rooftops and
their vents and chimney% are often. exposed on-grade, making them
accessible for various kinds of mischief.

|
Legal Liability Under Doctrine of Attractive Nuisance. According to one

of our respondents (Ziebarth, 1982), earth-sheltered dwellings,
particularly those with§ landscaped roofs ‘adjacent to substantial
drop-offs, can present a potential legal liability for the owners.

Issues Related to the Conmu-ity-widé Effects of Using
tarth-Shei”- 7 Kesidences

Environmental Protection. ‘Substant1 use of earth-sheltered structures

could result in significant nositive effects to the natural environment.
Open space can be preserveb and wildlife communities can thrive, even in
built-up areas, through c%refu] earth-covered design and construction.
Urban heat islands can be lessened, and air pollution and carbon dioxice
emissions can be minimiied because of the reduced need to burn
conventional fuels to heat earth-sheltered structures. Urban run-off
and consequent water pollution can also be greatly reduced and ground
water recharge increased bgcause fewer impermeable surfaces are created
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in earth-sheltered developments (LaNier, 1977). On the negative side i,

the possibility of subsidence or changes in drainage patterns resulting

from construction, but these are likeiy to be avoided b, careiyl

p]adning and design.,




Appendix C
QUESTIONNAIRE

Institutional Factors and Policy Optians Related
to the Utilization of Earth-Sheltereu Structures

Under the sponsorship of the Federal Emeryency Management Agency
(FEMA, we are seeking to increase our understanding of tne institutional
issues affecting  private-sector adoption of  earth-sheltered
structures and of those policy options that can be used to address these
issues and encourage the use of this building tspe. Specifically, we
are ‘interested in those issues that are likely toy arise in conjunction
with the private sector development of hazard-mitigating 2arth-sheltered
structures? _and crisis-upgi adable earth-shelters,3 as well as from
the development of entire earth-skelterad neighborhoods and communities
and the use of privately-nwned structures to provide community pro-
tection in times of crisis.4 Your help is needed in -dentifying and
evaluating potential institutional issues and policy op:ions in these
areas. While FEMA is interested in encouraging all kinds of earth--
sheltered structures, the primary emphasis of this study i< on low to
moderate density residential developments.

linstitutional issues are broadly defined here as those issues re-
lated to the social institutions and interactions necessary for
adoption of a technology, as opposed to those technical issues
directly related to the physicai characteristics of the technology
itself. Examples of instituticral issues that are important to the
adoption of earth-sheltered structures are the effects of land use
regulations promulgated by lc-al governments and the ability of the
construction industry to adopt new building techniques and materials.

2p hazard-mitigating earth-sheltered structure is one that provides
protection from natural hazards like tornadoes and earthquakes, and

"possibly some protection from nuclear weapons effects as well,
modification,

3A crisis-upgradable earth-sheltered structure is one that provides
protection from the hazards menticned above and can also be upgraded
in roughly one day's tire to withstand a weapuns-induced pressure of
15 to 30 pounds per square inch (PSI). Such a structure woula be
distinguished from a typical elevational earth-sneltered building by
having more massive front walls, a few extra bearing walls
internally, places inside for expediert columns and Ilintels, and
movable landscaping components like piaving blocks and planters that
can be stacked 'n front of the structure for added protection.

4These structures would have an every-day use, as a residence or
business for example, and a crisis use as a cooperative shelter. As
much of the structure as possiblie should be usable as shelter space.
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Institutionai Issues

A set of institutional issues that could arise in conjunction with
the utilization of earth-sheltered structures is presented below. The
first page present five major types of issue which were identified
during a preliminary study. Subsequent paeges list specific issues that
could arise in each of these general areas.

Please read through the entire list and answer these two
gquestions:

1.

Are there any important institutional issues that could
accompany Lhe adoption of earth-sheltered buildings that are
not included here? [f so, please list and explain.

0f all the issues, which ¢o you consider most important and
which least impcrtant in affecting the adoption and use of
earth-sheltered structures? Please explain.

Indicate your response directly nn the 1ist of issues or on the
blank pages provided at the end of this gquestionnaira.

It should be noted thal the institutiona! issues listed here were
identified primarily from a study of the development of individual

hazard-mitigating 2arth shelters that could provide community protection

in times of crisis. Little 2ffort was made during this preliminary

study to identify issues arising from the construction of crisis-
upgradanle sneiters or the deyolopment of earth-sheltering on the
neighhorhonod or community scale.  [ssues related to this type of
development might, therefore, deserve exitra attention in your review,
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INSTITUTIONAL ISSUES AFFECTING THE UTILIZATION OF

I,

II.

Iv.

1.

EARTH-SnEL TERED STRUCTURES

Issues Related to the Desire to Use Earth-Sheltered
Structures

Issues Related to the Construction of Earth- Sheltered
Structures

Issues Related to the Ability to Purchase Earth-Sheltered’

Structures
Issues Related to the Use of Earth-Sheltered Structures

Issues Related to the Community-Wide Effects of Using
Earth-Sheltered Structures
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IIl.

INSTITUTIONAL ISSUES AFFECTING THE UTILIZATION OF
EARTA-5HLTEReU >iRULTUKES

Issues Related to tne Desire to Use Earth-Sheltered Structures

Soundness of Investment
Expression of Personal Values

A. Adesthetics
8. Livability
C. Safety

D

£

Issues Relating to the Construction of Earth-Sheltered Structures

Building Regulations

Land Use Regulations

Restrictive Lovenants

Limited Experience of Planners and Regulators
Financing of Construction Loans

Innovation in the Construction Industry

Legal Liability During Construction

Provision of Utilities

Cwnership of Underground Space

— X OMMODO o >
.

[ssues Related to the Ability to Purchase Earth-Sheltered
Structures

A. Availability of Suitably Trained and Equipped Residential
Contractors

Availability of Inexpensive Designs and Plans

Appraisal of farth-Sheltered Structures

Use of Life-Cycle Costing in Loan Decisions

. Mortgage Insurance for Earth-Sheltered Structures

Resale of Earth-Sheltered Mortgages

MM OO
. «

Issues Related to the Use of Earth-Sheltered Structures

Maintenance of Structure and Interior Environmental Quality
Access To Strutture

Enerqgy Use

Taxation

[nsurance

Resale

Emergency Use of farth-Sheltered Structures

fase of [nteractinn with Neighboring Units

Protection from Intrusion or Yandalism
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Issues Related to Community-Wide Effects of Using Earth-Sheltered
Structures 4

A.
B.
C.
D'
El
F.
G.
H.
I.

Housing density

Urban Form

Environmental Protection

Provision of Utilities

Energy Consumption

Disaster Protection

Public Access to Earth-Sheltered Dwellings in Case of Disaster
Neighborhood -Concept

Changes in the Image of the (City

-
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Polic, Options

A set of potential policy options to address the institutional
issues listed previously and encourage the utilization of earth-
sheltered structures is presented below. The first page presents nine
general policy directions identified during a preliminary study and
the subseguent pages list a number of focused policies that could be
enacted in each of these general areas.

Please read through the entire list and answer these three questions:

1. Are there any important policies that could be used to encourage
earth-sheltering that are not included here? If so, please list and
explain. -

2. 0f all the policy options, which do you consider to have the
greatest near-term chance of success and which should be jeast
successful in stimulating the use of earth-sheltered structures?
Please explain.

3. (OPTIONAL) What do you anticipate will be the major societal impacts
of implementing these policies which you consider most promising?
Please pay particular attention to impacts that may be unintended
or unanticipated.

- Indicate your response directly on the list of policy options or the
on blank pages provided at the end of this questionnaire.

Again, it should be noted that the policy options listed below were
developed oprimarily to encourage the development of individual
hazard-mitigating earth-shelters that can also provide community
protection, Little effort was made during the preliminary study to
identify policies specifically designed to stimulate the
construction of crisis-upgradable earth-shelters or to promote
earth-cheltering on the rneighborhood or community scale. Policies
to serve these latter two purposes might, therefore, deserve extra
attention in your review.
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POTENTIAL POLICY OPTIONS
TO ENCOURAGE THE UTILIZATION OF EARTH-SHELTERED STRUCTURES

Educate ali Sectors of Soc1ety about Earth-Sheltered
Structures.

Enhance the Skills of Builders and Regulators in the Area of
Earth-Sheltered Construction.

Utilize the Taxing Power to Increase the Attractzveness of the
Earth-Sheltered Option.

Promote the Developmeni of Building Standards and Regulations
That Will Encourage the Further Use of Earth-Sheitering.

Promote Land Use Planning and Reguiation That Will Enccurage
Earth-Sheltering.

Use the Direct Expenditure of Government Funds to Stwmulate the
Increased Use of Earth-Sheltered Structures.

Increase the Amount of Money Available for Loans on Earth-
Sheltered Structures at Attractive Rates.

Assure the Availability of Attractive Insurance Policies for
Earth-Sheltered Structures.

Assure the Availability of Building Materials, Techn1ques,‘and
Plans for High-Quality, Cost- Effect1ve Earth- Sheltered
Structures.

---------------
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POTENTIAL POLICY OPTIONS

TO ENCOURAGE THE UTILIZATION OF EARTH-SHELTERED STRUCTURES

Educate ail Sectors of Society about Earth-Sheltered Structures

a)

Educate the public concerning the advantages of
earth-sheltering (I)*

Eoucate builders concerning the competitive advantage
offered by large-scaie construction with minimum management
costs and profits per unit (II, III)

Educate public in earth-shelterad construction techniques in
order to encourage owner-built structures and the reduction
of front-end costs (III)

Educate financial community on advantages of earth-
sheltering (III)

Develop public education programs on proper maintenarce and
ventilation (IV)

Compile and disseminate resale information (1V)

Disseminate informaticn on the use and availability of
earth-sheltered structures for disaster protection (V)
Educate local planning boards on advantages and organization
of underground space (V)

Enhance the Skills of Builders and Regulators in the Area of
Earth-Sheltered Construction

a)
b)

Develop programs to retool builders and requlators (1I)
Distribute "certified" builder training programs (III)

Utilize the Taxing Power to Increase the Attractiveness of the
Earth-Sheltered Option

Subsidize contractors through tax credit (II)

Encourage "do-it-yourself" construction through tax credits
to individuals and/or builders {II1)

Subsidize buyers through income tax credits {III)

Increase taxes on conventional fuels (IV)

Pass preferential property tax rates (IV)

*Numbers in parantheses indicate the Institutional Issues which the
policy options address,
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4, Promote the Development of Building Standards and Regulations “
that will Encourage the Further Use of Earth-Sheltering B
a) Establish earth-shelter safety and comfort standards (I) p
b) Extend model building codes and HUD Minimum Property g
Standards (II) :
c) Develop licensing requirements for builders and trainers 1
(11) _ :
d) Promulgate stringent energy-use standards for all structures
(v) :
5. Promote Land Use Planning and Regulation that will Encourage -
Earth-Shelterirj _
. a) Create model earth-sheltered land use controls (II)
b} Develop and disseriinate model solar access protection
measures (IV) o
¢) Encourage community designs that optimize neighborhood
cohesiveness {IV) : !
d) Encourage inclusion of underground space in community ' ‘
development plans (V)
e) Develop model plans for earth-sheltered neighbarhoods (V)
f) Encourage greater urban density (V) 4 \
g) Pass stricter environmental controls for above-ground i :
buildings (V) | ’
h) Require Environmental Impact Statement for large development ' ;
projects (V) . {

6. Use the Direct Expenditure of Government Funds to Stimulate the o
Increased Use of Earth-Sheltered Structures

a) Build earth-sheltered structures for sale or lease to
private users (II)
t)} Purcnase materials in bulk for resale to individual buidlers
- in order toc minimize cost (III)
¢) Provide direct subsidies for owners agreeing to share their
earth-sheltered dwellings in case of emergency (V)

7. Increase the Amount of Money Availabie for Loans on Earth-
tructures at Attractive Rates

NI
Pk ek Br VR A

T

»

a) Provide low interest assumable loans to promote resale {I &
111)

b) Expand loan insurance program (III)

¢) Provide construction loans (II)

d) Establish lcdan insurance programs for construction loans
(I1)

e) Encourage purchase of earth-sheltered mortgages on secondary
market, (I111)
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8.

Assure the Availability of Attractive Insurance Policies for
Earth-Sheltered Structures

a) Provide insurance to cover construction-period liability
(I1)

b) Encourage preferential insurance policies for building
owners (IV)

Assure the Availability of Building Materials, Techniques, and
Plans for High-Quality, Cost-Effective Larth-Sheltered
Structures

a) Aid developers in design refinements (I)

b) Sponsor research and development to facilitate
earth-sheltered construction (II)

c) Develop and disseminate proven standardized plans for
earth-sheltered structures (I1 & III)

Thank You Very Much for Your Cooperation.

PO A

vy

IR & RO PR




. -- ..- ...M

3 a2
P\n..:.... Y

T w7 ¢ ¢ ¢ 4 u RSN
R AEARAE) RN B KR

T DO

APPENDIX D

S T AR N AT Y T Y m— e B o ————

(%]
Fe)
1 99
Q
ol
x
w
G
(=]
~—
@
c
<
[= %

!

O R A R

LR I




=TI

N e

S N
YR

Appendix D

-Panel of Experts

L. J. Atkison
Architect
Edgerton, Missouri

Michael B. Barker
American Institute of Architects
Washington, D.C.

Lester L. Boyer

Department of Architecture and
Architectural Engineering

Ok tahoma State University

Stillwater, Oklahoma

George Courville
Oak Ridge National Laboratory
Qak Ridge, TN

H. Paul Friesema

Department of Political Science
Northwestern Unijversity
Evanston, IL

Kenneth Labs
Undercurrent Design Rasearch

New Haven, (onnecticut

Harold Lambright
Syracuse Research Corporation
Syracuse, New York

Frank Moreland
tarth-Covered Structures, Inc.
Fort Wortn, Texas

Ronald J. Morony
Building Technology Division
Office of the Assistant Secretary
for Policy Development and
Research - Dept. of Housing
and Urban Development
Washington, OC

David Mosena

Director of Research

American Planning Association
Chicago, IL

David Roessner
Technology and Science

Policy Program
School of Social Science
George Institute of Technology
Atlanta, Georgia

Raymond L. Sterling, Director
Underground Space Center
University of Minnesota
Minneapolis, Minnesota

William A. Thomas
American Bar Foundation
Chicago, I1linois

Kathleen Vadnais
Editor

Earth Shelter Living
St. Paul, Minnesota

Donald Watson

American Institute
Architects

Guilford, Connecticut

Allan M. Ziebarth
President

tarth Shelter, Inc.
Omaha, Nebraska
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APPENDIX E

Construction Drawings of Hazard-Mitigating

tartn Sheltered Kesicence
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These eight reduced reproductions  of working drawings of a
Hazarg-Mitigating farth Shaltered Residence are too small to be usable
as construction drawings. Full-sized copies of the construction
drawings suitable for reproduction have been submitted to Publicatione
Managemant, Federal Emergency Management Agency, POB 2131, Washington,
0C 20024,

The dirawings have been carefully checked but the structure has notl
been test built at the time of tnis writing. |
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